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~ §TEAM ROLLERS. 

ia STBAM CULTIVATING MACHINERY. 

’ STEAM WAGONS. TRACTORS. 
CEMENT. MAKING MACHINERY. 5288 


| A. CG. Muxferd, Ui 


OULVER STREET WORKS, COLCHESTER. 
On ApMIRaLfy axp Wak Orrior Lists. 


ENGINSS for ts, Yachts, Launches. 
Comes PERD i PUMPS, 


See Advertisement, page 29, last week. 


PATENT WATHR-TUBB BOILERS, 
| AUTOMATIC FEED REGULATORS 


} And Auxiliary Machinery a3 supplied to the 
miralty. 217 





Iron and Steel Bars. 


PLATES axp SHERTS. 


SB. 





| \tringer | rothers 
| pins 3 
) WEST BROMWICH. 


4 \ [ RS0NS’ PaTRn’) 


yg 5158 
ij JOHN SAMU WHITE & COMPANY, Livp,. 
Shipbuilders and Hagia: Ss, 
as? Cowxs, LW. 


arine Steam Turbines 





dro Paeemattc ABh Ejector. 


t of labour. No noise. x dust, No 

dirt. 20 ft. clear of vessel—A) 

he many 8 ia vty Conse, Bld 5 MBilliter St. 
te wl 1 tata eo 

London, B.C, . Od 4386 


Petter Qi Ereines. 


Manufactured by 
PRITBRS Liutrep, Engiheers, Yeovil. 
: See our Miustrated Advt. every alternate we eek: 
f ——— 
( ob Sa Donald, Ltd., Machine 
| MAEBRS, JOuNBTONE, near Glasgow. 

» class of Machine Tools see our Illustrated 
Ac iverson every alternate week. 1358 

FOR 3 
Dp rop tampings 


write 
SAXTSHERRIE ENGINEERING & FORGE CO., 
60, WELLIveTow Srreet, Guascow. 5433 


Steam - cog rt with or 
TOOLS foc Om une DOULDRUAaae 


5795 
DAVIS& PRIMROSE, Loren, Leirs, Hpinsvnes, 


| Brett’s Patent Litter (io 


}{ammers, Px Presses, Furnaces, 


610 
Reever, Dorli - Co., Ltd, 
BRA 


ORD. 
HIGH-OLASS ENG FOR ALL PURPOSES, 
wleo WINDING, HAULING, AIR COMPRESSING 

and PUMPING ENGINES. 
C 


1e0’8 svare 


—_ ~ 




















1896 
ranes.—Electric, Steam, 
Br DRSTsLte and HARD, 


CUORQH RUSSELL & CO., Lew:, 
herwell, near Glasgow. 





a | 


Ihe "Glasgow Railway 
Company, 

London Office i, ¥ rng om we 
3 ye TRAMWAY 


& 
CARRIAGE & 
a CASTOR REI BOXES. 


RAILWAY 











‘ ¥ achts, Launches or Barges 


Apoly, -j ohn H "Wilson & Co., Ltd. 


RE, also 
5768 


SSELS PROPELLED BY rua nas 
bines or a 


Tnternal Combustion Engines. 


(Jampbells & |: tasers 4 


SPECIALISTS IN 
Drilling & Boring Machinery 
for Bugine Works and Boiler Shops. 


DOLPHIN FOUNDRY, LEEDS. 4547 





Batlt ae with Steam, Oi] or Petrol 
Motors ; or Machinery supplied. id 3851 
VOSPER & CO., Lep., Baoap Staaer, PorrsmourTa. 


Yank Locomotives 
op and bp nen = maa to 


T e Loeomett 


in Lin 
R, & ¥. HAWTHORN, LESLIE & & CO., ee, 
ENGINEERS, NEWCASTLE-ON-TYVE. 





MULTITUBULAR AND 
(‘ochran OROSS-TUBE TYPRS. 
Buless. 
See page 102, 5734 


((ranes.—Steam : and Electric. 


STHAM NAVVIES, GRAB CRANES, 
SHIPS DECK MACHINERY. 


Dock Roan, BIRKENHEAD. 
London | Office : :—15, Victoria Street, 8.W. 


rIthe Norman Thompson 
Fight Co., Ltd. ier. i909.) 


Conrractons TO THE ADMIRALTY. 
“THE FIRM WHO GAVE THE FLYING BOAT 
TO THE NAVY.” 
ALL BRITISH BUILT. 


5554 





Works :—Mupp.eror, Boenor, Bye.ann. 
London Office :—Dewar House, 11, HAxyMARKEY. 


Telegrams—* Soaring, Bognor.” Telephones—Bogne: 48. 
“Entifiyte, Charles, London.” 


“Gripoly : 


MACHINE BELTING 


FO 
Drivize 


(onveying 


Eilevetiag 


: 





SoLze ManurFacrunens 


[,°*?8 & Tylor, Ltd., 





CARDIFF. 5484 
Lonpow. MANCHESTER. Giaseow. 
Iron and Steel ig eke 


FP ites aad nd Fittings. 
The Scottish Tube Co., Ltd., 


Hap Orrice: 94, Roberteon. Street, Glasgow. 


SyEBONtA TEAS TRAPS. REDUCING VALVES 

NqWATBR SOFTENING and FILTERING, 6728 
[Tlubes, Tron and Steel. 

Edwin Lewis & Sons, Ltd., 

_ Wolverhampton. 


Mubes and ithings; 


TRON AND 


ings and Loves 1 Pas 


OSWALD 8T., GLASGOW. 
BROAD p stkuer T CHAMBHRS, BI BIRMINGHAM ; 


Wiens Tee Oxp Broan Srrezt, B.C 
LONDON WAEBHOUSHAST. Upr, ‘PaannsSt B.C. 
LIVBEPOO: Panavise St 


W. OUSE—S, Dense ate. 
ARDIFF WARBHOUSE— Bure Sr. 
BIRMINGHAM WARHBHOU'! —NiLe Street, 

Sueercors Strerr. and 10, REET. 
See Advertisement page 28. 5701 


Rubber MANUFACTURERS. 


Conveyor 





Belts 


GUTTA PERCHA & RUBBER, LIMITED, 
Toronto Canada. 5018 
Te Guaséow RoLtine STOCK AND PLANT WORKS. 


HH Nelson & Co.,, J 


Builders of RAILWAY gam ogee WAGONS, 
ELECTRIC CARS and RVSRY OTHBR DESCRIPTION oF 
RAILWAY axp TRAMWAY ROLLING STOCK. 
Makers of Waweis and Axues, Ratway PLAKt?. 
Foreixe, —, Work, Iron anp Brass Casrines. 
Office and Chief Works; M 





R. Heber Radford. ions Squire, 


Byerveerie, Laon a> Stext Works. 


Established} tan Ser over 60 a 


ConsuLTIne ee 
4ND PaTenT AGEYTs. 


tects, Mem. a 5 and Beeel 
Inst., Fellow Gharcered Institute of Patent Agents. 


6, Sr. J MEFFIELD. 6545 
Petagremnas" “Radford, Shemfela.” _Telephone: 425. 
eparators 
— FOR — 

XHAUST STBAM 
TURBI NES coM- 
PRESSED Sr; &o. 
STBAM bay BRS, 
MBTALLIO 


Princepe & Co, 


“& Co., 
FIBLD. 
P & W. Maclellan, Limited, 
* CLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION. 
RAILWAY IRONWORK, BRIDGES, ROOFING, &c, 
Chief Offices: 199, Trongate, Guasgow. Od 8547 
Registered Office: 108A, Cannon 8t., London, B.0. 


“ [thompson ” Stock Bolles 








Dish End Beller Di by theta: 2 
ee »6in. w 
Ah »  80ft, by 8 ft. 3 in, 160 wp. 

” ” 80 ft. by 7 ft. 6in, 160 w.p, 
as » _ 26ft. we ean 120 w.p. 


and pressures. 


Other sizes 
re ‘Thompson, 


a Rei Stl a a 


Boilers, Tanks & Mooring Buoys 


"VOL ClIL—No. 2679.] LONDON: FRIDAY, MAY 4, 1917. [Reginees at ste Genera) [Fea 
‘A veling & Porter, Ltd.) Y azzox & Co., Ltd., Rex fon Limited, arrow Patent 
SHIPBUILDERS AND ENGINEERS, ae er BERS, REAM, MANCHESTER. = ha 
RoomesteR, KENT, GLASGOW (formerty of Poran: Loxpon). aD Was oy REE Se ater-Tube oilers. 
and 72, Caxnoy Srreer, Loxpos. PADDLE OR SOREW STE STEAMERS OF CONDENSERS, AIR HKATHRS, Parents: 
ROAD LOCOMOTIVES. eee rr Shallow’ Draught] wert Pacot TWIN STRAINERS ‘Yor Pump | PRESSING ond 1 Or ee Ee pone 


of Yarrow Boilers, such as the Steam Dru 
re for ie and 





PYARROW & Wits. Toston. ‘Giascow. 
-J ohn ellamy, | imited, 


MILLWALL, LONDON, B. 
EWERAL ConsTructionalL Byeinenns, 1216 


Sritia, Parnoz Pag Me Reocxrvens, Sten 
ao | Riv. KAM and VENTILATING 
Pr OPPERS, + — Vin, =e Rerams oF 


RAILWAY 6 erry ET SOTRIO Gil GANS, &e. 


Ht Nelson & Co. TL 


Tus Guasow pores Sroox apache 
MorTHEeRWELL. 


Hes ‘W Tighteon & ‘cs 


LIMITED, 


See Advertisement page 39, April 13, 


Yas ines, Suction Plants, 
Tests porte, 

be IB, . DA eM Mech, Bienes er 
ye Telephones: Hast 1360; Stratford 
Tel. : Rapidising, London, 14 


Mwbine Tools in Stock :-— 


Vertical DRILLS, to edmit 18 in., 26in,, 
and 26 in. diameter. Bot Screwing MACHINES, 
104 In. centre ame . 
hand sar 

Chamber Iron Works, Hollinwood, 


ailway 
GQ witches and 
rossings. 


T. SUMMERSON 4&4 SONS, LIMITED, 
Daaimeros. 
GOLD MEDAL- 


INVENTIONS HxniBiTION-A\ WARDED. 
uckham’ a's Patent eke pe 


ROAD BNG mLNG WONKS GOMPANY, Ur, 
Lowpor, 


Jeo Seat page 37. ioe 


_ See IMus, ‘Adve. leat week, 


eine ts ote & =e 
feet diene hier THO ORIN nt tn 
solicited. 

regio ae ao & 


























CHANTIERS & aan 
A ugustin - J ormand 
67, rue de P: —LE HAVRE 


NORMAND'S Patent 
OfL Hosting. 


(toatrifugals: 
Pott. <Sammieh  - 


5466 
See Longe Abatement pay yt 








Ne Chicago’ Automatics, 
Three Sizes, Delivery from Stock. — 
NEW CAPSTANS, 1 ln. through the wire feed. 


JOHN MAONAB, Mary Sraxer, Hype. 











E W ldicss-Steel. Tubes 
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: ‘ a AAS 
eT a 
— : m7 vt 
~ ey . ; ae . 4 . : aM » ‘ és : Yee 
- f . MPP ge nF ? y _ ’ eRe cre ¢ 
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Com: 
paid in case 
tad Bollers inspected during coystruct! 
Ix tHe Hieu Court or Fusricr, 1917 C. No. 023. 
Cuancery Division. 
Mr. Justice BVE. 
In the Matter of CREED & COMPANY, Limirep 
{and Reduced 





Given 


Fotiee is Hereby 
mpany —— 


and 
am bags otis of the COMPANIES’ ACTS, ‘1908 
that a Petition for Confirm 

tal of the above 


was, on the Sth tay 


1917, presented to His Majesty's say Be Cont o of 
Justice, wy is now pending; and that the list of 
creditors of the Company is to be made out as for 
the 23rd ort og oF pea 


of 7, St. Mildred's Court 
fap BS G 617 
___ Solicitors to the he Company. 


STRUGTURAL ENGIN ESRING. 
r Particulars of Course of 


INSTRUCTION Mate ADL oy le 
write to “THB WHSTM ENGINEERING 
.- tae a 23, Old Oak Road, ieten Pack. London, 


the ca 


econ erne — Engineerin 
Tutors for A.M.1.C.H., A.M.1. apheny  o 

Aeronautical Drau hesmanshi Design ; 
aise Rngines.—254, Oxfor: Rona. Manchest er. 7 


bere C.F, Inst. Mech. E. and 


all 1 Hingncertny Exams. aK 
ractical ing neers. 
; two Bayliss Prizes,“ Seine Accessit,’ 
candidates. Write for 
, Offices of ENGINEERING. 


on ot * 
special features for forel 
booklet &c.—Addreas, G 


ate 


—e eT 








TENDERS. 


['enders are Invited for Four 


Babcock & Wilcox WATER-TUBE BOILERS 
with Automatic Chain Grate Stokers, veeing 
pressure 210 lbs. In excellent condition, 
evaporates 15,000 lbs. per hour. Can beseen working 
daily, Mondays oa — en a.m, to Twelve 
noon, aud Two p. ‘our p.m. at the Stuart 
Street Blectricity Works, Brad ord, Manchester. 

Tenders to be addressed to the CHAIRMAN OF 

18 BLECTRICITY COMMITTBR, Town Hall, 

anchester, and be delivered not later than Ten 
o’clook a.m., on Friday, the 11th May proximo, 





G 626 | Stee! Constructio 





THE ey pind INDIAN RAILWAY COMPANY, 
JAMITED, aré prepared to receive 


Tenders for the Supply of 
STEEL TYRES for Locomotives and Rolling 
Stock. Specifications and Forms of Tender may be 
obtained at A the Company’s Offices. 

Tenders, addressed tothe Chairman and Directors 
of the South Indian Railwa Company, Ltd., marked 
“Tender for Steel Tyres for ocomotives and Rolling 
Stock,” muot be left at the Offices of the Compan 
- tater, than Oné o'clock on Monday, the Mt 

191 
1¢ Company is not bound to accept the lowest 
or any Tencer. 

A charge, which wilt not be returned, will be 
made of 20s, for each y 3 the Spevification. 

Copies of the Draw may oltained on 

ayment at the Office o * popker Wuire, Ksq., 
fr Inst.C.K., Consulting Engineer tothe Company, 
3, Victoria Street, Westminster, 8.W. 

91, York Street, Westminster, 5.W. 

27th April, 1917, _G 690 


“IN THE MATTER OF THE TRADING WITH 
THE RNBMY AMBNDMENT AOT, 1916. 


The PUBLIC TRUSTEE invites 


‘fenders for the Purchase of 
the Whole or an rt of 119,660 Shares of 25 
ot NY LRT TaD, in —— BROTHE 


Rs & COM- 
vested in him as peeeeainn byan 

Danes made 

Section 4 of 


= of Trade, in pursuance of 
e Trading with = aunt, 19. Amend- 
ment Act, 1916, and dated Oth A: 

The issued capital of the Gonnuany consists of 
190,000 Shares o £5 each, fully paid. 

The purchasers, who must be British-born sub- 
Jeots, will be required to make a sworn Declaration 
as to nationality and freedom from f contro! 
on a form te be obtained from the O of the 
Public Trustee, 

The purchasers will also be required to satisfy ae 

as to their financial and technica’ 


Public Trustee 
ability to carry on the business of the ee ne Oy 
tis fac- 


efficiently as heretofore, or otherwise to the 
tion of the Government. 
A pepere peepered the Sy the Olen 


has bee: 
with thee 
Warernouse & Conran 


re 


3. + Analtors a (Mestre 
, and with 


affairs 
= person 
Messrs, Turg 


pe ering,” must be received not 

later than Ten o'clock a.m., on Wednesday, the 9th 
day of May, 1917. 

person or firm whose Tender fs —— must 

uce evidence of being insured against liability 

‘or accidents to eas Spe and will be required to 


enter into an tract for carrying ont 
the work, — nd give gt thes gerd security for the per- 
The Commmantes will not mecessarily accept the 
lowest or any 3: 
W. BR. ALLEN, 
Clerk to the ee of Visitors. 


Glamorgan n County Hall: Card 
25th April, 1917. G 665 


APPOINTMENTS OPEN. 


ssociated British Machine 


“ TOOL MAKERS, ae Head Office, 34, 
Victoria Street, London.—WANTED, GENERAL 
mae AGER with ror and techatcal 
experience ; liberal remuneration tosuitable man.— 
Apply by letter (which will be treated as strictly 

coufitential stieg age, Pg mane and salary 
required. ot necessary to commence ine y- 


Wake Manager Wanted in 


Manchester district. 8 lity, Blectrical 
Cranesand Lifti_ g Machinery. Previous experience 
in bo 7 ran Shore fhe ee, necessary, 
providing the applicant Is up-to-date in the manage- 
ee of Seomen machines, Firm is controled and 

lon Class ‘‘A” work carrying highest 

ty. Permanent and progressive tion for 

a man showing good results. State fullest par- 

ticulars in confidence.—Address, G 611, 
Offices of ENGINEERING. 


WIMBLEDON {TEHOHNICAL INSTITUTE, 


dstone Road, Wimbledon. 


wsiakantt Master Wanted, 


chiefly for English and Mathematics, for 
Junior Technical School. 
Salary £150 per annum, and additional remunera- 
tion for Evening Class Work. 
Further particulars and Application Forms may 


be had of 
W. A. HARWOOD 
Principal. 


Manager ger’s ~ Assistant (Ineli- 


gible) REQUIRED by Controlled Firm of 
nal “e neers in the Midlands, 
Competent in drawin work, preparation of 
estimates, tenders, an handitn correspondence.— 
Address, stating age, ence, and =e 
required, G 68 G 680, Uffices of Rrotrcenine. 


A® Reliable Assistant Chemist 


UIRED in the Laboratory of a large 
aoa pe gpepr ke Firm, nehester district, 
accustomed to metallurgical’ and micrographical 
analysis, and having practical experience of heat 
treatment of metals, mixing of’alloys, &c. No one 
already employed on Government work will be 
engaged.—Apply, giving full particulars, and 
stating age, experience, and salary required, to 
your nearest LABOUR EXCHANGE, mentioning 
this Journal and Gem. 








G 697 





(Chemical Fingineer (Manager) 
WANTED, by Controlled. Firm for works in 
Lancashire. Permanency. — State e, salary, 
experience and organising ability, to BOX B 

Ler, & NIGHTINGALE, Liverpool. ks Ga ai 


etallurgist Required, who is 


able pests. to carry out analytical and 
research work bearing upon all phases of malleable 
iron foundry practice. Practical ex 
malleable =o foundry is. essential. 
DIRECTOR, T.M. 5, Mielety of 
Whitehall Place, London, S.W.1 


Asean Engineer, about 25 


ears of with sound technical training, 
to take ‘hour Shitts in ys running ani main- 
tenance of a Controlled Factory in Kast 
London. Must have had | similes experience and 
used to the control of men. No one already 
employed = cag rg ge work will be engaged.— 
Address, of ones experience and salary | o 
required, to ere ces Of BNGINERRING. | 


A ssistant Bngitieer R 
for chemical works in Midlands. 

30 preferred 

Service. Col 


cig in a 


“aturlons, 





uired |! 
e 23 to 
but must be exempt from Military 
Solens yee ages experience on outside 
but not essential. No 
vt on oo Spiiee bres be em- 
ployea.— w ap; jon to food 
hearest LABOUR EXOMANGE. mentioning th 





ned: | paper and G 678. 


rered, sealed, = the Public 
Tah Fune ees eran Ad Phen 


Noon, 

rnacer on thee er, Siemens Shi Shares.” 
Be a and Secorves te Sieinalt okt ae in 
connection therewith. 

Cae ented em the PUREE 


<4 ee 
Tabulating’ Machine 
Yer menrest "BLO 








Ww! orks Accountant Required 
Government-control Bngi- 

neering Wires Manchester district, maké 

large 8 aad small agian, mgs and gen 


jcants must had first-class 
a nm Factory Accowaliog. and be —— 


records ; -<-flpeatin vile: to Hollereth 
megs -—Apply, stating 


n Government work wiibbe PG 10 


A mehite itect’ ’s Assistant Wanted. | <= 


Me quewtitiens ter cone Sf 


quoting this Jou raat and No. A 3182. No person 
° 
engaged. 





su | nares RROPEOT nN ARE ARUM ging | segues” 
nearest BM) 
. (ene a 





of. War, serviens el 
moters 


expert, ‘ofl ‘for small 
; | slang” requ reauired, to ae Seat Ports 
: Clerk Required at West- 


nster Offices of a Constructional Engincering 
Firm (controled) Peper gees igre on. gt Have 


ne, Pept iy, stating wall eartionles 

salary requ Ne one em 

wack nar reahenh more than ten agg away need 
apply.—Address, G 701, Offices of ENGINEERING. 


W ae Clerk for Time 


Office and Cost Book, ineligible mili 
Be essen alzentty on Government w: 


~ cart nearest EMPLOY- 
MENT iT wxChaNG aa? ving No. AS194. 


Wanted, Teamnedintely; for 


Controlled Establishment, DRAUGHTS- 
MAN-CLERK of WORKS, for Extension of Blast 
Furnaces in the Midlands. 

Repitoente must have had first-class experience in 
~ ne of farnace een hoists, mains, &c. 
liberty, and salary 


opened 
ress, G 582, Offices of ENGINEERING. 


Head Draughtsman Required, 


ng ay guy capable, ene! je man with 
experience of efficient drawing system and 
management, for engineering works engaged .on 
Government contracts omg high class automatic and 
capstan repetition work. Sound know! f tool 
eee es essential. State age, ex ence, and 
8a 
Re... one acne on.Goyernment work will be 
ly at your nearest EMPLOYMENT 
de ning this Journal met 
67 


Waed Draughtsman — for 


the — thcgage ~ of large electrical 
direct current mach obody engaged on 
Age og ae we ill be accepted.—Write or a 
Board of Trade EMPLOYM 
HxOW ANG, tanelaeine this Journal — 


anted, Immediately for 


nt ‘Gevernment work, FIRST-CLASS 

DRAUGH' MEN accustomed to steel buildings, 
bridges and eel A coustructional work, No person 
already employed ou Govermment work will be 
yet yy, to your nearest EMPLOYMENT 
EXCHANG mentioning this Journal and-G 565. 


Deaf omape Several Me- 
CHANICAL DRAUGHTSMEN for turbine 
and detail, WANTED, bya Controlled firm in 
the idlands, ‘Liberal salaries and bonuses to 
suitable men. No man on Government work need 
apply.—Apply, stating salary, and when able to 
commence to your nearést EMPLOYMENT. EX- 
CHANGE, mentioaing this paper and No. A or 
585 








when could 

















Wanted, Mechanical! 
DRAUGHTSMAN for London. No one 
resident more than 10 miles away or alread 
Government work will be engaged.— Write, ving 
te of ex rs and salary required, to 
ECTRO META is, Lrp., 56, Kingsway, t's 


equired, for Important 
Governmeat Work. Junior Jig and Tool 
DRAUGHAM@SMRN accustomed to designing Jigs and 


Tools for the rapid production of Automobile Parts. 
No person already Ont on. Government work 


will be en ne 'y your nearest KLMPLOY- 
MENT EXC ANGE Siodieg No. A156. G 635 


(Jocd Mechanical Draughts- 


MAN WANTED for ng ein one iene ane 
accustomed to small high-class work preferred. 


be or ge and present salary.— (by letter only) : 
to BOX No, 1070, care of con F OW Wuitr po 
hea. Gen}, Advng. Agents, 3 Fleet ste ieagen, 


Pre ghtsmen Wanted Tongan: 
diately for Acimiralty establishment, dura- 
tion of War.. Must be experienced in mechanical 
details—no others need apply. CAR ply, by letter,. 
stating. ng Age, © ence, present salary and salary 
ired, together er with copies of testimonials ay 
©. 1069. care of Messrs. R. F. Ware & 
Genl, Advng. Agents. 33, Fleet Street. B.C, 4. Gesi 


Decghteman Wanted, by 


firm of Cotton Spinners and Manufac- 
turers, nasi be ca 
oe cones 


ouch am a man 


SINFERING. 


arine Engines.—First-class 
DRAUGH AN REQUIRED by :con- 
trolied firm, One with some oilengine experience 
eotnnn. but not essential. No oneat present on 
jovernment work will be 
ee. a oe full pa: 


-—Appl eet E PLOY. 
MaNT HXCHANGH, enticing this Journal and 
quoting Ni G 656 


[hwo Sccalcasd Draughts- 
MEN (Mechanical) REQUIRED, for Mon- 
and rolling will plant. “Applicants mast apply with 
fall tis lars to their nearest, HD EMPLOY MENT 


ing z Ne. A fia! “Wo persoo elready 
anted, aot Railwa ay Com- 
with ex in Loncon, ‘oie AN An Os 
Sianatting wit Sat on be sind 


Wand Immediatel tely, Hi Heat- 


Tye son aca’ required. 1 Wo one 








ble on general work. One who 
eof electricity and consumption 
‘ot eligible for military service 
oe position is offered with 
G 699, Offices of 

















od on , 


of | perience, to 
mentioning this Journatand G 700 


=| Date ae Juni: 
Senior, for Jigs and. Tools, with «) 

5 Permanent position, Noman on G 
wok oe Pa 
tions, aoe sary required, and earlie=' 


commence. your EMP L< 
BXOHANGE, mentioning this pa 
No. A391, — 


Wanted. F oreman Ove: 


Machines and Lathes, large anc 
capable of aut eek maximum output. 
present anc jous mee’ and wa 
man on Cdvecnseat work be en 1 
your nearest EMPLOYMENT EXC 
toning this Journal and G 655 


Y anted, Good Ji 


INSPECTOR, for large pnd eriu 
Manchester district. Permanent position 
able man. No onc alré&dy employed on Go 


work will -be en Seer 
EMPLOYMENT EXOHANGE, ‘n mentioni: 


Journal and G 5: 
A Large Firm of Engine rs, 
Y 


ee Stee nave an OPENING for a 

as premium pupil. the 

course <t “fattede Tabu and drawing office. — 
Address, 4360, Offices of Evenreznine. 














SITUATIONS WANTED. 
ngineer, M.I.E. 1 


A.M.I.M.E., ears’ manufacturing exp: 
rience, specialist on Sed gn of electrical machinery, 
instruments and protective gear, also pet: 

‘} engines, OPEN for APPOINTMENT short!, 
Technical Supervisor, Designer, or similae capa: ity. 
Could introduce valuable patent in connection wit 
aero-electrical apparatus. Salary about £810 
Address, G 629, Offices of ENGINEERING. 


ngineer (35), B.Sc. E ng., 
splendid organiser and disciplinarian, DE 
SIRES: SITION of responsibility. Salary £40 
2500.—Address, G 693, Offices of ENGINEERING 











tructural and Architectural 

meer. (45); - construction of works, 

tadwstelel uildings, re-inforeed concrete, stee! 
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ON THE DIFFERENCES IN EFFECT OF | 
TWIN SCREWS WHEN TURNING | 
“INWARD” OR “OUTWARD.” 


By C. H. Hotst. 


THe question of difference in effect met with | 
in practice when on a twin-screw vessel the star- 
board propeller is fitted to the port shaft and the 
port propeller to the starboard shaft, viz., when 
the same ship is driven ahead by the same engines | 
and by the same propellers, but these turning either | 
“inward” or “outward,” is certainly one of the | 
many interesting points to be dealt with when 
making a study of propeller problems. 

To the best of the author’s knowledge there are | 
very few instances on record in which an actual 
exchange of the propellers has been effected, and | 


even when this process has been carried out in some | 
cases there are but very few accurate data avail- | 


The particular question to which this part of the 
author’s work relates is connected with another 
assumption in relation to ships’ resistance and to 
the movement of the water near the ship. 

About this second assumption it was hitherto 
unnecessary to make any particular mention, the 
only hull element or hull influence entering into 
the subject of the previous articles having been 
the vessel’s speed, corresponding to certain numbers 
of revolutions of the propellers and to the power 
required to drive the propeller at that number of 
revolutions. 

In subsequent articles it will prove absolutely 
necessary to bring it forward, as the majority of 
cases relating to propeller action must be con- 
sidered and studied in combination with influences 
caused by the ship, and cannot be discussed without 
taking such influences into due consideration. Yet 
it must be stated here and must be proved in further 
articles that the author’s aim has been invariably 


able as to the obtained results. On searching the | to attribute the same effects to the same assumed 


columns of ENGINEERING, however, the author 


found a sufficiently complete description of such a | 


influences, as only by strictly adhering to this 
principle may a study of this kind have any value 


case in the article on the steam yacht Niagara, | at all. 


published in the issue of March 25, 1910, on page 374. 
In this article the following data are given in 


Fig. 


Rein 
jo 





Be NN | 
\ ait s 
\ ~ 

(4908.4) . 


relation to the conditions before and after changing | 


” 


the direction of rotation from 
“ outward ” :— 


Indicated horse-power eee 
8 of vessel per hr. (knots) 12.8 14.12 
Slip of propellers (per cent.) 26.4 13.3 
Vessel about 250 ft. long and of 2,000 tons 
displacement. 


* inwa’ 


Before. After. 
2,000 1,905 


These data, however far from being complete, | 


yet proved to give sufficient information to arrive 
at some general conclusions, which could be checked 


by comparison with a sufficient number of examples | 
from practice obtained with propellers turning) 


either “ inward ” or ‘‘ outward.” 

Thus the main object in the choice of the example 
furnished by the Niagara is to use this case as an 
interesting demonstration of a loss in effect against 


a gain in effect obtained with the same propellers, | 


fitted to the same ship. Should a similar loss be met 
with in cases of other propellers turning “inward” 
and a similar gain in cases of other propellers turn- 


ing “outward,” such other cases would then tend | 


to prove the correctness of the general conclusion 
derived from the Niagara example. 

Similarly, as when dealing with former articles * 
on “Cavitation” and on “ Partly Immersed Pro- 
pellers,” it will be necessary to be borne in mind 
that the intention of the author of these articles is 
simply to furnish material evidence which may 
lead to forming an opinion on the value of certain 


assumptions—assumptions either to be rejected or. 


accepted according to their being less or more 


suitable to form a certain base for studying the 


questions relating to propeller efficiency» 





* See pages 239 and 265, ante. 


Now returning to the Niagara and comparing the 


&.. velocities of the vessel before and after the 
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TURNING INWARO. 
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changing of the propellers from port to starboard 


to and vice versa, it is to be remarked: Firstly, that 
| the power required to drive the vessel may be 


estimated to be nearly proportional to the cubes 
of the two speeds, viz., as nearly 287 to 398, being 
the third powers of the speeds expressed in metres per 
second. Secondly, that even taking the same 
number of indicated horse-power as developed in 
the two cases, or 1,000 ih.p. per shaft, there has 
been transmitted to each shaft the quantity of nearly 
67.5 metre-tons per section, and that by dividing 
this number of metre-tons by the speeds respec- 
tively of 6.6 and 7.35 m. per second, the maximum 
pressure on the screw blades is found to be respec- 


| tively 10.4 and 9.2 tons, and hence there is the 


apparent contradiction that with a maximum pres- 
sure of 10.4 tons the ship’s resistance would be the 
smaller, and with the lesser pressure of 9.2 tons 
greater resistance must have been overcome over a 


| longer distance. 


It would only lead to absurdity to consider this 
contradiction as anything else than apparent. So 
it is of interest to investigate what may really 
have happened. From the supposition that the 
number of revolutions will have been the same, and 
knowing the slip in both cases, we shall find the 
probable pitch per second of 8.30 m. as— 

12.8 knots x 126.4 per cent. = 16.2 knots, and 
14.12 knots x 113.5 per cent. = 16.2 knots, 
16.2 knots an hour being equal to 8.30 m. per 
second. 
This pitch per second leaves a slip per second of— 


8.30 m. — 6.6 m. = slip, 1.70 m. 
8.30 m. — 7.35 m. = slip, 0.95 m. 


| the two slip values producing pressures of respec- 





tively 5,300 and 1,560 kg. per square metre for a 
three-bladed propeller. 

As nothing was changed about the blade 
surface, the greater amount of slip would also 
correspond to a greater total pressure. Therefore 
it is perhaps logical to assume that the slip has 
been influenced by some cause independent of 
the propeller, but dependent on the motion of 
the water surrounding the propeller or in the 
vicinity of the propeller, or part of it, and that this 
cause may be found in the pressure of a body of 
water moving in a given direction, this direction 
being such as to diminish the effect in one case 
and to improve the effect in the other. 

This supposed condition will be fulfilled when a 
certain velocity is to be subtracted from, or to be 
added to, the velocity of the water being driven 
astern by the propeller, and thus a reduction of 
pressure in the first case and an increase of pressure 
in the second case may be explained. 

This velocity required, in the case of the Niagara, 
will be 1.35 m. per second, the units of pressure then 
becoming respectively 2,870 and 3,600 kg. per square 
metre, bearing the same proportion as the resistances 
of the ship, viz., as the squares of the two speeds, or 
as 43.5 to 54, producing, when multiplied by the 
the same value of blade area, of 2.5 sq. m., the total 
pressures of 7,200 and 9,000 kg. This latter value 
is obtainable from the number of metre-tons 
produced by the engines at the reduced power of 
952 i.h.p. per shaft, which, at 92 per cent. for shaft 
horse-power, is equal to 66,000 kg.-m. per second, 
and 9,000 kg. x 7.35 m. per second also being equal 
to 66,000 kg.-m. 

It remains now to be explained how the engine 
power in the first case could be even more than in 
the second, and how water moving in a constant 
direction about the propellers can produce a loss in 
the first, as well as a gain in the second case. With 
regard to the engine power the author's explanation 
is the following: When driving a propeller behind a 
ship under way, the engine power may be absorbed 
by setting in motion a determined quantity of water, 
but the effect produced depends upon the pressure 
exerted on the propeller blades, and this pressure is 
only fully obtained when the water is absolutely 
at rest relatively to the propeller in front of it, viz., 
whatever the quantity of water absorbing the 
engine power, the full amount of pressure is only 
obtained if the propeller sets the water in motion, 
beginning from the state of rest and increasing to 
the maximum velocity the pitch is fit to produce. 

Thus the conclusion was arrived at that the 
Niagara’s engines in the first case set in motion a 
considerable quantity of water, as is also proved by 
the greater amount of slip, without obtaining the 
required pressure from it, but setting this water in 
rotation about the shaft, whereas in the second case 
the pressure resulting from the reduced slip, but 
increased by the counteraction of water set in 
motion by the ship, became sufficiently large to 
obtain the very best economical result, i.e, a 
better speed at the expense of less power. 

The existence and direction of this flow of water 
may perhaps be explained as follows: Supposing 
a ship set abruptly in motion with a velocity 
corresponding to its speed per second, but only 
during one second, and then being stopped as 
abruptly as it was set in motion, then it may be 
assumed that the water being driven ahead by the 
bow will continue to exhaust its motion in the 
direction it received, whereas the water at the stern 
will automatically fill up the hollow, which would 
remain visible in case the ship had been moving in a 
solid body and not in a fluid. It may then also 
appear logical that the water will fill up that space 
in a very short time and flowing along the shortest 
possible way, thus in a direction normal to the ship’s 
hull. 


If this be true, how, then, will it affect the working 
of the propellers? The author’s personal view is 
that these circumstances can only be investigated 
by setting out the relative position of the propellers 
to the ship, together with the different angles of 
direction as shown in the annexed Fig. 1. 

Such figure in the case of the Niagara, whose 
lines are unknown, and about whose propellers the 
necessary data are wanting, is only to be considered 








as demonstrating the principle. Other examples will 





416 


ENGINEERING, 


[May 4, 1917. 








be given with positive figures, when dealing with ships 
from which the author could obtain reliable data. 

Examining the figure, however, it appears that 
it may be possible that the inward-turning propeller, 
during the top part of a revolution, revolves in a 
direction parallel, or nearly so, to the flow of water 
towards the hull, whereas the outward turning 
propeller, during the same part of a revolution, 
revolves in a direction opposite to that flow, and 
also that the direction of the water driven through 
the propeller turning inward is deviated, but in 
a direction farther from the shaft, whereas the 
direction of the water driven through the outward- 
turning propeller is as well deviated, but in a 
direction more parallel to the shaft, and thereby 
more suitable to propel the ship. 

It will perhaps be objected that what is here said 
in favour of the top part of a revolution is just 
the reverse with the lower part of a revolution, so 
that the gain on the top part would be balanced 
by the loss on the lower part ; but it must be kept 





water towards the ship. The calculation in such 
cases indicates the full available amount of pressure 
corresponding to the slip, without taking any account 
of the sense of rotation ; but in all the cases examined, 
and where this stream influence is to be expected, 
inward-turning screws indicated, as well in practice 
and as a result of the calculation, a certain loss, and 
outward-turning screws indicated a certain gain. 

From the results of these investigations it may 
therefore perhaps be concluded that good results 
similar to those obtained in the case of the 
Niagara may be expected should inward-turning 
propellers showing such signs of loss in efficiency 
be shifted so as to make them turn outward; 
and that outward-turning propellers showing signs 
of a gain in efficiency should produce inferior results 
if shifted so as to make them turn inward. 

The diagrams in Fig. 2, representing the actually 
known positions of different propellers, will be inter- 
esting as an evidence of what has been said on this 
point. The two lower diagrams indicate, drawn to 








pellers 1.60 m. in diameter and having a draught 
of water of 2.50 m., the other fitted with propellers 
2.35 m. in diameter and having a draught of water 
of 2.85 m. 

Where the first example gave values for slip, 
producing pressures which correspond fully with 
the pressure to be expected from the engine-power, 
the latter ship, described in Shipbuilding and 
Shipping Record of August, 1916, produced the 
following results :— 





Revolutions 
per Second of 
Propellers. 


| Speed of Ship Speed of Screws 
rie Metres” Pin Metres ”*| Slip in Metres 
per Second. | 


per md. per Second. 





3.08 
4.07 
5.014 


| 


These values for slips are fully inadequate to produce 
the necessary pressure to propel the ship at the 
corresponding speeds. A glance at the annexed 
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in view that at the greater depth under the water- | scale and at a uniform load water-line, the different | figure will show the probability of these propellers 
level the velocity of the water closing in about positions of the propellers of six different ships. having received a proper backing-up by working 
the hull must necessarily be greater, whereas only The forms of their load water-levels are respec-| partially in the wake-stream of the ship. The lines 
a smaller volume is to be filled up, and that near | tively given, taking the keel line in each case as | of the two vessels are not at the author's disposition, 
the surface the larger volume is to be filled up at a| the centre line of the ship. Cross-sections, marked and therefore the probability only can be shown 
smaller velocity, from which results that, at the | with corresponding numbers, indicate the positions | in this case. It will be very interesting, however, 
same moment the water will be at rest under the of the propellers as compared with the section at | to continue this special study, also wifh regard to 
shaft, there will still remain a quantity of water | that distance from the sternpost which is equal to similar vessels, when posssssing complete cary 
flowing towards the hull above the shaft. the ship’s velocity per second. tion as to the “actual” relative positions of the 
From this remark about the conditions under; However, it is not only a flow of water, meeting | propellers to the hull. ; 
which twin screws may be working it must not the water driven astern by the propellers in a more| The deficit in slip to be provided for by - 
be concluded that it is compulsory that all twin or less oblique direction from sideways, that exerts action of the wake-stream, pushing against = 
serews should work under similar conditions. A | influence on the effect of screw propellers. Examples | propeller blades, may be easily made up by t . 
greater distance under the water-level, a greater | have been met with in which a flow coming in from | supposed agent. The velocity need not be bg 
distance from the hull, another pitch angle of the | astern touches the blade-tips, with a similar result | important to produce the expected effect. a 
blades, other angles of the different water-lines| in effect, whereas in vessels of similar form, but | evident that, by touching only the a 
between the upper and lower edges of the propellers, | fitted with propellers having a greater clearance | action cannot be continuous, but must = te 
and a different speed per second, will all have other | from the hull, it appeared that the propellers had | mittent, and therefore it is the number o ¥ sts 
influences, which may occur separately or con-| not been affected at all by the wake-stream. and the time of exposure to the action © a 
jointly, and will result in an immense variety of| This particular condition is found in ships in which stream in one second, and receiving from it an e 
differences in the effect that may be expected. | the width of the midship section at the load water- | impulse, that is to be taken into account. — 
So, for instance, in the course of this study line is maintained over a long distance aft and the : With such high numbers of rnge eee as gi 
the author met with a good many cases in which no | bottom is curved upwards to meet the water-line. | in this example, at the velocity of 6.20 m. pe 
influence of this kind is to be expected at all, and | This case may perhaps be illustrated by comparing — 
also proved not to exist, such cases being those in the propeller data of two different destroyers (see; +66 the article “On Cavitation,” ENGIEERING, 
which the propellers are clear from the flow of ' upper diagram in Fig. 2), the one fitted with pro- March 16, page 239. 
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second there will be nearly 10 blades exposed to 
this influence, at 8.25 m. there will be 12.5 blades, 
and at 10.30 m. velocity there will be 15.5 blades 
under this same condition, and from calculation it 
results that a mean velocity of this current equal to 
1.30 m. per second acting on the full surface of one 
blade at a time will equal in effect that which 
would be obtained with three blades working under 
the uniform pressure corresponding to a slip of 
0.85 m. per second, this latter value being about 
the normal one for these propellers to transmit the 
power of the engine required to drive the vessel at 
6.20 m. per second. 

Nearer to the level of the load water-line the 
velocity of the stream will be less, but then the 
blade-tips will be exposed to its action for a greater 
part of one complete revolution. The same effect 
is, then, to be expected from a shorter exposure to a 
greater pressure or from a longer exposure to a lower 
pressure, even if the exposed surfaces remain of 
the same area in both cases. 

An example of the action of the water flowing 
towards the propellers in the case of outward- 
turning twin screws is illustrated by the accompany- 
ing Fig. 3, which represents to scale the after-body 
and the position of the propellers of the twin-screw 
mail steamer Rotterdam, of the Holland-Amerika 


T.8.S"ROTTERDAM: HOLLAND-AMERIGCA LINE. 


Fig.3. OUTWARD TURNING. 








the shaft, whereas at the lower level of the propeller 
there remains only a distance of no consequence. 
It is not known to the author, though perhaps it 
might be known from some researches, over what 
distance the motion of the water will be extended 
when filling up a hollow as formed between the 
section B C and the ship’s sternpost, but it may be 
taken as a matter of fact that this motion will be 
spread over a certain distance farther away from 
the hull, and proportionately this distance will be 
greatest the nearer to the surface. 

Whether now the water tumbles over from the top, 
or flows in horizontal layers, or moves in any other 
direction between the vertical fall and the horizontal 
flow, it will be always moving against the sense of 
rotation of the propeller blades, and the pressure 
resulting from this moving mass of water will show 
its effect as an additional pressure on the blade 
surface exposed to it during a certain part of a 
complete revolution of the propeller. 

Studying the form of the curve of areas of the 
after-body of any given ship, it will appear that 
where this curve presents the greatest rounding 
between two cross-sections, taken at regular 
intervals, and at a distance equalling the length 
run by the ship in one second, we must be enabled 
to find the maximum velocity of the water in one 
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line. “By the courtesy of the company’s superinten- 
dent the following particulars about this vessel were 
put at the author’s disposal. They are taken from the 
official report of the ship’s voyage from New York 
to Rotterdam, and they furnish an example of actual 
sea-practice. The data are as follow :— 


Distance run by ship in 24 hours... 382 knots. 
Distance run by propellerin 24hours 431 knots. 
Indicated horse-power of port engine 7,161 
Number of revolutions (mean of 24 


hours) eee eve eee --- 1,38 persec. 
The propeller has three blades set 

to the pitch of ose ose 6.75 m. 

And thus : 

Pitch per second _.... eee eee 9.30 m. 
Velocity of ship per second 8.20 m. 
Slip per onent eee eee oes 1.10 m. 
This slip producing a pressure per 

square metre of ... tad és 2,220 kg. 
And a total pressure on 8.72 sq. m. 

of blade surface, equal to only ... 19.4 tons. 


At the velocity of 8.20 m. per second the maximum 
pressure to be expected will be found as follows :— 


7,161 ih.p. x 0.9 will be about ... 6,450s.h.p. 
And equal to... ove ose -. 485 m.-tons 
per sec. 
485 m.-tons per second divided by 
820m. ... seo eco fol 59 tons. 


So there is a stated deficit of pressure in this case 
amounting to about 40 tons. 

Referring to Fig. 3 it will be noted that, as in the 
cases illustrated in the beginning of this article, 
the propeller is to be expected to meet a flow 
of water in a direction opposed to its sense of 
rotation. This flow of water has to travel over a 
distance of 5 m. to close in about the ship at the 
level of the load water-line, against a distance of 
2.40 m. on a level with the top of the blades of the 
propeller, and a distance of 1.45 m. on a level with 





second in flowing towards the ship. If in the case 
of the Rotterdam this velocity can be 5 m. per 
second at the surface, supposing no appreciable 
lowering of the surface near the stern can be ascer- 
tained when the vessel is steaming at the rate of 
8.20 m. a second, then it is to be supposed that near 
the keel, at 10 m. depth under the water-level, this 
velocity must be more than 5 m. ; how much more 
the author is unable to say. But the same reason- 
ing will show that at the depth of the tip of the 
vertical blade, nearly 4 m. under the water-level, 
there will be a velocity greater than at the surface, 
but smaller than at the depth of the keel, and that 
at the depth of the shaft there will be a velocity 
somewhere between the two limits named. But, 
then, the lowest part will surely be filled up some 
time before the upper layers will be at rest, as 
with an uniform velocity there is only a distance of 
1.45 m. to be filled up at the depth of the shaft, 
against 2.40 m. at the upper limit of the screw 
circle and against 5 m. at the surface, and con- 
quently it would only take respectively 0.29, 0.48 
and 1 second to bring the water to rest at the 
different depths against the ship’s hull, also 
indicating that not the full surface of the propeller 
blades, but only a certain part of one blade, will be 
exposed to the action of the wake-stream. 

In the case of the three-bladed propellers of the 
Rotterdam there are, at 1.38 revolutions per second, 
4.14 blades exposed to the extra pressure expected 
from passing through this stream influence, and 
not only stopping its velocity, but driving the water 
back again with the velocity due to the slip. This 
double effect of ‘‘ velocity turned into pressure” 
will in this case have the same influence as a slip 
of 1.70 m. per second, producing a pressure equal 
to 5.300 kg. per square metre. 


This pressure, acting on 62°5 per cent. of the surface 
of one blade, gives a total of 5,300 x ti x 62°5 per 


cent., or 9.6 tons per blade, and for 4.14 blades 
per second a total of 40 tons, during one-fourth 
of a complete revolution, thus securing, if only 
one blade at the time can be influenced, a total 
which could not be produced by the uniform 
action of the pressure corresponding with the slip 
of the propeller on the total blade surface, as in 
cases where the propeller or propellers are clear 
from the influence here described. 





THE ARRANGEMENT OF MACHINE 
SHOPS.—No. XIII. 


By JoszpH HORNER. 


Ciassic Crewe! the premier railway works, the 
lineal development of the historic Liverpool and 
Manchester Railway, opened in 1830. All its 
extensive growth is an often-told story, yet its 
interest never palls. And the names of the 
locomotive superintendents are enshrined in railway 
landmarks—associated with epochs in railway 
developments—Francis_ Trevithick, John Rams- 
bottom, F. W. Webb, George Whale, predecessors 
of the present holder of the office, Mr. C. J. Bowen 
Cooke, to whom we are indebted for the plans of 
the vast machine shop which we give on Plate XL, 
published with the present issue. 

This shop is designated as being that of the 
“* Steel Works ”’ because it occupies land adjacent 
to the steel works that were planned by the late 
Mr. F. W. Webb, and the term serves to distinguish 
all the buildings in that area from those in the old 
works, or “‘ Deviation Works.” This term records 
the fact of the deviation of the Chester and Holy- 
head Railway from the centre of the original works 
to a location outside them. These older works are 
occupied by chain and testing shops, millwrights’, 
joiners’ and electric shops. The new or steel works 
include the steel furnaces, making Siemens-Martin 
steel, the rolling mills, the forges, the boiler shop, 
flanging and angle-iron smithy, the fitting and 
erecting shops, the iron foundry, the copper shop, 
the paint shop, the points and crossings shop, the 
wheel and tender, and the machine shops. The 
last-named shop is that of which we give an 
internal view on page 418, Fig. 104, and plans on 
Plate XL. Of these plans, Fig. 105 is a small-scale 
plan of the whole shop, while Figs. 106a, 106) 
and 106c, drawn to a larger scale, show the shop in 
three portions and give particulars of the arrange- 
ment of the machines. The shop is 660 ft. long by 
81 ft. 6 in. wide. Its equipment includes overhead 
travelling cranes and standard-gauge tracks to 
serve the heaviest machines from the yard. 

The most notable feature in this great area is that 
the driving of the tools is wholly electrical. Much 
of it is group-driving, but a large number of indi- 
vidual heavy machines have their own motors. The 
locations of the group-driving motors are shown on 
the plans given in Plate XL, and each one is 
lettered distinctively, ranging from A to T. Each 
group-driven machine is lettered like its motor, 
so that the layout can be seen at a glance. The 
heaviest machines are ranged next the right-hand 
end of the building, into which the tracks of standard 
gauge transport the heaviest pieces. The lighting 
is obtained from contiguous skylights in the ridge 
roofs—compare with the photograph, Fig. 104. In 
addition the walls are pierced with large windows. 

By means of the lettering just now mentioned the 
motor-driven grouped machines can be distinguished 
from those which have independent individual 
motors. Commencing at the right hand, the latter 
include a row of several boring machines and a 
vertical slotter, these being ranged along the north 
side wall and served by one of the railway tracks. 
Next the south wall are ranged four large machines 
for dealing with frame-plates, comprising a frame- 
plate slotter, two double-headed slotting machines, 
and a three-spindle frame-plate drilling machine, 
also served by the second railway track. A piston- 
rod grinder is also motor-driven. 

Between the tracks, next the entrance doors, are 
two large double-headed milling machines, motor- 





driven, and a planer. Farther along are two 





418 


ENGINEERING. 





[May 4, 1917. 








plano-millers, and two slotting machines adjacent ; 
beyond these are drilling machines, and a lapping 
machine, each with individual motor-drives. All 
_ the other tools in this department are driven in| 
one or the other of three groups, the motors and their 
respective machines being indicated by the letters 
R, 8, T. ‘The groups here are very small numeri- 
cally. The larger group-drives occur in other areas 
of the building. 

In this department the large dimensions of the 
areas left clear about the machines for the handling 
of the frame-plates and cylinders is noticeable. 
These, with the tracks and the overhead travelling 
cranes, permit of easy and economical handling of 
the plates and castings. 

Beyond the foreman’s office and the stores the | 





The tools that are actuated by the motors K, L, 
N and P comprise a very miscellaneous selection, 
arranged less in reference to classes than with regard 
to the convenience of the progression of the work. 
The various vice benches are set down in the centre 
of the gangways, in order to deal with the various 
articles that come from the machines adjacent. 
Thus there is a bench for horn blocks, there are 
three for axle boxes, and there is an axle-box press. 
These and the names of the machines on the drawing 
will indicate sufficiently the nature of the operations 
that are carried through in this section of the shop. 
They comprise all the details of medium dimensions, 
to the exclusion of frame-plates and cylinders, which 
are dealt with in the right-hand section of the 
building. 





machines driven by the F motors lies the turner, 
where all the lathes are driven by the motors |. 
B, C, D, E. The largest group is C, in which the 
lathes from 7-in. to 1l-in. centres are ranged in 
parallel rows on opposite sides of the central columns. 
But three C motors are required to serve this great 
group, of 20, 24,and 25h.p. Very extensive clear 
gangways are left here in which a very large number 
of vice benches are located. 

This shop is illuminated by are lamps disposed 
down the centre of the ridge roof. The flooring is of 
wood blocks. A system of warming with hot-water 
pipes is adopted, the pipes being below gratings in the 
flooring. Electricity is supplied for both power 
and lighting purposes from the steel works power 
house. The current for the arc lamps is at 600 volts 








] 


om 


| 


2 


Ip 


y* 
lg / 


| 


VY 


Ui 


Ly 


yi 


47 


K 
vr 


“a 
On 


f 


14 


Fie. 104. Tae Matn Macurne Soop; Lonpon anp Norta-WeEsTERN Ratiway Works, CREWE. 


machines are mostly of smaller dimensions, and the 
group system is nearly universal. There are some 
exceptions, however. Along the north wall are 
ranged plano-milling machines, planing machines 
and slotters, each separately driven ; and adjacent 
very large clear areas are left in the gangway between 
these and the rows of sinaller group-driven tools 
ranged opposite. These last are actuated by the 
motors lettered F, G, H, J, M, O. These are 
disposed on each side of the cable trench, which 
extends along the length of the shops, the motors 
being located adjacent thereto. A few large 
machine tools provided with separate motor-drives 
are interspersed—two planers, a miller and a slot- 
drilling machine. Against the south wall the 
machines are driven by the motors F, K, L, N and 
P. Between these and the centrally disposed 
machines there is an ample width of gangway, 
which is unoccupied save for a few benches. 


The photograph Fig. 104 gives an excellent view 
of a portion of the shop. It is taken from the end 
of the heavy machine tool bay, close to the machines 
in the group G, and looking towards the right- 


for the motors and for the incandescent lighting 
it is at 230 kolts. The motors used are of direct- 
| current types of various makes. 

| The following observations are suggested oy the 


hand end of the building. One of the fitters’ benches | foregoing study of the important shop described :— 
with eight vices is seen in the foreground, and a The locomotive machine shop is a specialised one, 
portion of the shaper with three heads in the group | inasmuch as it is devoted to the manufacture of a 
G. Next to this comes the double-headed drilling | single product. But the work done in it is not 
machine, and beyond that is the double-headed highly specialised in the same degree and by 
slot-drill. On the left are located the three plano- | comparison with that of, say, an automobile builder, 
millers with their individual motor-drives. In| or of a firm which is occupied with one class of pro- 
this area, connecting rods are being dealt with. duct that is manufactured in very large numbers, 
There are no floor tracks in this section, but over- as, for example, one single type of machine tool, or 
head travelling cranes are provided. This bay is/ in gear cutting, or in small tool making, or now in 
divided from the one adjacent by cast-iron columns | shell cases or in shell fuses. By comparison with 
which support the roof. Rolled joists carry the | these its equipment and its methods resemble those 
motor-driven line shafting, cast girders below those of the general engineers, where a large volume of 
support the countershafts. miscellaneous work is handled, and where as a rule 

Beyond the areas that are occupied by the one machine tool fulfils a variety of duties suitable 
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to its character and capacity. Exceptions to this Taste I—Particutars oF TURBINES INSTALLED. 
generalisation occur, but chiefly in the wheels, tyres | ————_____— - ———— Saat EEE — - — oe 
and axles, which are tooled on lathes devoted | | | Steam Steam } 
exclusively to those duties, and also in the cranks,| g | No. | Steam | Tempera- | Tempera- | Tempera- | Revs. 

° Output | Installed | Date. | of | Pressure | ture Stop |ture Curtis) tu Mean Blad 
the frame-plates, and some of the details of the brass 3 ° | at | Sets. |StopValve. Valve. Casing. "|| Veoutm. Minute. Velocity. 
fittings. But, these apart, the machine tools are not| _ e = Ph ancora: SAAT.) HARE EMERS SETI Be, IE, sc 
so highly specialised as are those in automobile | Ib per 
and some other industries. Nor are the methods ' a ae sq.in. | deg.C. | deg.C. | deg. C. ft. per sec. 

i ivi $,000-kw. nerator | Simmer Pan) 1 1 6 200 | 300-310 | 220 35-40 1,500 Curti: 
so minutely subdivided, nor does heat treatment} 1 | 3.0)u-tw. | ge Brakpan ..| 1908-9 | 2 190 | 280-290 | 200 | 40-45 | 1'600 |} Rateau 410 
play so large a part, neither are fixtures employed} 9 | 9,600-kw. generator Roshervillo 1911 5 220 | 320 240-250 | 40.45 | 1,000 \aas o> ono 
j ii i | turbines eree ng) 1912 4 220 | 350 | 250-260 40-45 1,000 
so extensively, the templet and the jig being the| | , ooo-np. compressor | Rosherville| 1911 6 220 | 320 | 220 | 3540 3,000 || Curtis 615 
predominant aids to machining, while the marking- turbines | 1913 } |} Retese 645 
. . . “1 “4: | } | | | Curti: 6 
off table is an indispensable auxiliary. In addition! | 1 coo.nw. generator | SimmerPan | 1914 2 220 | 350 250-260 | 35-45 | 1,500 | |St2 to 1 
there is the incessant call for extensive repairs, | ~ ‘turbines Brakpan ..| 1914-15 2 220 350 | 250-260 35-45 | 1,500 | (456 to 392 
which occupy a large amount of time, and the| . “ sates sincniainties | | 2 st. _j3 bas 
services of many machine tools, work which does| ° | "turbines Rosherville | 1914 I 220 | 330 =| «(220 ee | Se" } Rateau 721 
i iti i 6 | 300-h.p. auxiliary | Rosherville | 1911 11 220 | 320 245 ~ 1,400 
not lend itself to the repetitive methods of highly —— 7 | ee sing! 1912 , 4 = | 38 > | | } Curtis 200 
specialised manufactures. 7|550-h.p. circulating | Vereeniging} 1912 4 220 | 350 Se ee 1,040 | } Curtis 230 
To determine the best arrangements of machine | pump turbines SimmerPan} 1914 2 220 | 350 250 oo | 1,040 | | 


tools in a locomotive shop is thus a simpler task | - 


than it is in some other classes of present-day 
manufacture. In these vast shops the machines 
have been multiplied, and the plant extended, with 
the inevitable increase of rolling-stock; and they 
are nearly always arranged strictly according to the 
sectional character of the work which has to be 
performed. The machine tools are grouped for 
dealing with frame-plates, with cylinders, with 
various rods, with motion work, with axle boxes, 
with wheels, tyres and axles, with the brass fittings— 
the cocks, the injectors—with brake parts, and 
having the fitters’ benches and trestles conveniently 
adjacent to the machines. In these shops, therefore, 
the circumstances are very favourable to arrange- 
ments that are of a reasonably permanent character, 
conditions that do not radically change over con- 
siderable periods of time. Though new types of 
engines are introduced at intervals, these do not 
materially affect the methods of machining. Nor 
are the urgencies of novel methods so powerful as 
they become in the other classes of manufacture, 
in which the keenness of competition is more severe. 
And though growth is inevitable, it is of'a steady, 
regular character. It entails extensions rather than 
developments, additions of similar machine tools 
improved on old models instead of the substitution 
of highly automatic machines or of those which are 
simplified to the last degree—the single-purpose 
machines. A simple extension and the multiplica- 
tion of similar machines is easily carried through. 
On the other hand, to select and locate new designs 
of machines, and novel and untried methods of 
tooling to meet changed and still nascent conditions, 
is a problem which may bristle with difficulties, 
where much is yet untried, and heavy capital outlay 
is involved, and where there is no surety that the 
new arrangements will be permanent. 





THE DETERIORATION OF TURBINE 
BLADING. 
We -reproduce below a_ highly important -and 
extremely interesting paper read before the South 


African Institution of Engineers by Mr. A. Fenwick.’ 


The paper describes various mishaps to the turbines 
at the power stations of the Rand power companies. 
The following particulars of the plant are taken from 
Garcke’s “ Manual of Electrical Undertakings ” :— 


Station. Plant. Maker. 
Kw. turbo-alternators. 

Brakpan 2—3000 A.E.G. 

2-11000 A.E.G. 

Rosherville 5-9600 A.E:G. 

Vereeniging 2-9600 A.E.G. 

2-12000 A.E.G. 


In the discussion which followed the reading of the 
paper Mr. Bernard Price, the chief engineer to the 
power companies, stated that the defects enumerated 
in the author’s paper had resulted in very heavy 
maintenance charges. 

It is perhaps unnecessary to add that the extra- 
ordinary failures enumerated are not inherent in the 
impulse type of turbine, in which, as with others, 
excessive wear is merely the penalty for the use of 
improper materials or designs. 

The text of Mr. Fenwick’s paper is.as follows :— 





Tue DETERIORATION OF TURBINE BLADING. 


Introduction.—The object of this paper is to place on 
record the behaviour of certain materials used in turbine 
blading. The information and data given below sum- 
marisé the experience gained during the past six years 
in operating and maintaining the turbine plant of the 
Rand power companies (V.F. and T.P. Company, 
Limited, and R.M.P.8. Company, Limited), 





Tasxe I1.—Showing Various Metals in Use for Blading. 





| | Class of Wheel or Guide 
Mark. | Material. | Turbine. Blades. 
cS ee eS Meads okt Bos 
| | | 
A |4 per cent. nickel | 2 and 3 ..| Guide. 
| steel | 
B_ | Siemens - Martin|2,3,4and5)_ ,, 
| steel } 
C |5 per cent. nickel |.2,3,4and5|_,, 
| -stee' } 
Al |3 per cent. nickel 3 ‘ oe 
steel } } ! 
H_ | Medium carbon |2,4and5 ..| ,, 
steel 
J 30 per cent, to 32/1, 2, 3, 4 and od 
per cent. nickel! 5 
| _ steel 
K_ | 25 per cent, nickel | 3 ..| Wheel and Curtis 
| gtee | segment, 
P |65 per cent. nickel | All classes ..| Wheel and Curtis 
| si | stationary segment. 
L Aluminium bronze | 1, 2, 3, 4, 5, so ne 
and 6 | 
M Brass ae . All classes .. - - 
N_ | Nickel brass -+|3 nde .., Wheel. 
0 Monel metal 13 . Wheel and Curtis 
| stationary segment. 





All necessary particulars regarding the design of this 
plant have been included, and it is hoped that the 
publication of this experience will be of value to other 
power companies and to manufacturing firms, and that 
the discussion on this paper will serve to further elucidate 
problems connected with turbine blading, ‘ 


PARTICULARS OF TURBINES INSTALLED. 

Reference will be ntade to various turbines, which, 
although operating on the same principle, differ in 
design, Table I gives particulars of the plant dealt 
with. % 

Fig. 1, page 420, shows the turbo shaft with wheels 
assembled, the inlet nozzle, stationary segment, and a 
portion of each guide blade diaphragm in position for 
the turbines under Class 4. 

In all classes the steam 
nozzles and impinges on the first row of Curtis moving 
blades. These nozzles are of cast-iron, and are made 
in sections containing five to eight ports; one section 
only is used for turbines under Classes 1, 3, 6 and 7, two 
sections for Classes 2 and 4, and three sections for 
Class 5. In each case the nozzles are opposite to a 
portion only of the wheel blading, the length of arc 
varying from approximately one-sixth to one-third of 
the whole circurnference, so that the admission is partial. 
After passing through the first row of Curtis moving 
blades the steam passes through a row of stationary 
blades fixed to a steel segment, which is’ bolted to the 
turbine ‘casing. This Curtis stationary segment also 
embraces a portion only of the wheel circumference, the 
are being slightly longer than that covered by the inlet 
nozzles, The stationary segment blades are somewhat 
similar in size and shape to the Curtis = rg | blades, 
and direct the steam to each successive row of blades in 
the Curtis wheel, so that there is one row of blades less 
in the segment than there are rows in the Curtis wheel. 
After leaving the last row of Curtis wheel blades the 
steam discharges into the casing in which the Curtis 
wheel revolves, the pressure in this casing varying from 
two to six atmospheres, according to the type of 
machine and the load which it is carrying. 

The Curtis casing is a closed compartment separated 
from the Rateau portion by a cast-iron diaphragm ; on 
the outer periphery of this diaphragm is a ring of guide 
blades forming nozzles, which convert the steam pressure 
into velocity and give the steam the correct angle for 
impinging on the moving blades. The admission in this 
case is complete, the nozzles extending round the entire 
circumference of the diaphragm. The first ring of guide 
blades directs the steam from the Curtis casing on to the 
first Rateau wheel, or, as it is termed in this a peper, the 
second stage wheel. This process is continued through- 
out the turbine, so that each wheel is in its own cell or 
compartment and divided from the next by a cast-iron 
diaphragm and ring of guide blades. ~ 

wo main types of guide blading are in use ; the first 
—termed a guide blade ring—consists of an inner and 
outer retaining ring cast round the blades. vig-* 421, 
shows one of these rings, which was made locally; the 
outer portion fits into the turbine casing, and the inner 


sses through the inlet 








portion supports a cast-iron undivided diaphragm which 
partitions off one stage from the next. This type is in 
use on turbines Class 1 and 2. The guide ring is in 
two halves, which butt together at the horizontal joint 
of the turbine casing. 

In the second type the diaphragm forms an integral 
nm with the retaining rings, the complete diaphragm 

ing cast in two halves, one of which is shown in Fig. 3, 
page 421. To avoid confusion this is called a guide blade 

iaphragm, and is used on turbines under Classes 3, 4 
and 5, This paper does not deal with the merits of 
either type; where failure of the blades occur, how- 
ever, the results are usually totally different, and this 
matter will be referred to later. 

In the case of the 9,600-kw, turbines (Class 2), the 
diaphra are undivided and have to be lifted into, or 
removed from, the turbine casing with the rotor. These 
diaphragms rest on the lower half of each guide ring, 
the rings being bolted to the turbine casing ; the upper 
portion of the turbine casing carries the other halves of 
the guide rings, and a tongue on the latter fits into a 
corresponding apes: in the diaphragm to prevent lateral 
movement. The weight of this turbine rotor complete 
is 26 tons. 


MaTERIALS USED. 


Table IL shows the metals in present use on the 
various turbines. Some of these metals have been in use 
for a few months only, and are, therefore, in the experi- 
mental stage. Tables III and IV (see pages 421 and 
422) give the analyses of steels and non-ferrous alloys 
in use. Table V, page 422, shows the materials in use 
for wheel blading. 

Referring to ‘Table II, it will be seen that materiale 
A, B, C, Al, H and J are used for guide blading only. 
Of these, A, B, C and Al have been used recently for 
locally manufactured guide blading, and have only 
been in commission for a few months; information as 
to their suitability for this particular purpose is therefore 
not available. The analyses given aré of plates from 
which the blades are made, 

ial H, as far as the author is aware, is only in 
use on turbines under Classes 4 and 5, and on one turbine 
only under Class 2 No. 4, Rosherville). 

Material J is the steel principally used for guide 
blading, and occurs in some stages on every one of the 
turbines dealt with, excepting the auxiliary turbines, 
Classes 6 and 7, which have no guide blading. On 
turbines Classes 1, 2 and 3 it has been used exclusively, 
with the exception of No.4, Rosherville. 

Analyses of the steel plate from which the blades H 
and J were manufactured are not available, but several 
analyses of blades in both good and bad condition have 
been carried out, showing the J steel to contain approxi- 
mately 30 per cent. to 32 per cent. nickel. All discarded 
blades have not been analysed, neither have all those 
at present in commission ; blades containing no nickel, 
however, have the distinguishing mark H, and this has 
only been found on certain stages in generator turbine 
No. 4, Rosherville, and turbines Classes 4 and 5. 

For wheel blading P, L and M are in general use, and 
ample evidence of the behaviour of these alloys is to 
hand. N and O have been used quite recently for wheel 
and stationary segment blading, but sufficient time has 
not elapsed to form an opinion of their suitability for this 
purpose, 

WHEEL Biapina. 

An examination of these machines shows a variation 
of some thousands of running hours in the life of 
blades of similar material and position in the turbine, 
and the life here represents the running period up 
to the time reblading was carried out; in some cages 
the blades could safely have been run for a longer period, 
but owing perhaps to a complete dismantling of the set 
or extensive repairs to later stages, it has been advisable 
to reblade, = other cases, owing to difficulties in 
taking the set out of commission, blades have run much 
longer than they should have done, considering the 
safety of the machine. : 

It will be noticed that in some cases, where the wheel 
and guide blading have not been renewed, the running 
hours differ for the same turbine. This is explained by 
the fact that the complete turbo drum was removed for 
repairs, a spare drum taking its place. 

3,000-kw. Turbines, Class 1.—Dealing first with the 
Curtis stage, and the first three low-pressure stages, two 
materials have been tried, viz., aluminium bronze (L) 











and 5 per cent. nickel steel (P), and the superiority of the 
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latter is apparent. No particular trouble has been 
experienced from corrosion of the steel, although if the 
machine is standing any length of time the blades 
become rusty, which, however, soon wears off with use. 
Sets 5 and 6,Simmer Pan, were fitted with steel blades, 
and have been running for six years. In neither case 
has failure occurred, the running hours up to 
December 31, 1916, being 39,119 and 39,298 respectively. 

The aluminium bronze blades have a very different 
record, and are quite unsuitable for this part of the 
turbine. The aluminium content disappears from the 
surface of the metal, leaving a very brittle layer of 
copper; where the section of metal is thin, as at the 
inlet and discharge edge of the blades, it breaks away 
like glass with light tapping. With continued use the 
outer layer cracks and flakes off, exposing the part under- 
neath, which in turn flakes off until the blade is split up 
into several layers. Where the section of the blade is 
fairly heavy, as in the Curtis stage, the shape is gradually 
lost, but the body of the blade remains sound and seldom 
fails. What usually happens is, the portion which is 
riveted over to secure the shrouding chips off, allowing 
the latter to come adrift. 

Figs. 4 and 5, Plate XLI (specimen 6/13) show a good 
example of this deterioration, and are from the first 
row of Curtis moving blades, after beino in commission 

















running time of the machine. In no case have thes® 
stages to be renewed owing to deterioration, although 
the ‘_ ~ are naturally worn somewhat, and in many 
cases ve ffered hanical damage by fouling 
broken pieces of guide blading, and had to re- 
straightened. 





Our present practice is to fit the first four stages | 


with 5 per cent. nickel steel blades, stages 5 to 8 with 
brass blades, and the last two stages with aluminium 
bronze. Brass has not been in commission long enough 
on these particular sets to show whether it will prove 
more satisfactory than the bronze, though, judging by 
experience obtained on other types of machines, it is 
highly probable. It may also be found that brass would 
do equally as well as bronze in the last two stages, and, 
personally, the author is of opinion that 5 per cent. 
nickel steel for the first eight stages and aluminium 
bronze for the last two would prove very durable and give 
good results. 

9,600-kw. Turbines, Class 2.—The blading has, with 
two exceptions, proved satisfactory up to the present, 
and Table V, giving particulars of wheel blading, shows 
the material originally used. The maximum running 
hours for the set which has been longest in commission 
are 30,673 to December 3lst, 1916, with the exception 





of row 3, Curtis stage, the running hours of which vary 







































































square inch. It is very Ye mag that vibration of the 
blade is largely responsible for the failure. A tensile 
test was carried out at the Government laboratory on a 
new blade, and on one of the broken ones, showing the 
new material to stand 44.9 tons and the old 29.8 tons 

r —— inch before fracture. It would seem, there. 

ore, that the material has lost a good deal of its original 

strength, although there is very little difference in out- 
ward appearance. In some cases the blades have 
fractu about 1} in. above the rim of the wheel, i.c., 
just above the distance piece. 

Fig. 9, Plate XLII, shows one of these blades after re. 
moval from the wheel, the crack across the blade being 
clearly visible. Some of these blades (stage 13) have run 
from 20,000 to 30,000 hours, and are stillsound. Breakage 
occurred in three cases after 24,900 hours, 23,800 hours, 
and 10,600 hours res ively. It should be noted that 
erosion of the inlet of the blades in the later stages, 
due to wet steam, is almost invariably absent on the 
turbines just described ; one or two isolated cases are 
on record, but are very slight. 

4,000-h.p. Compressor Turbines, Class 3.—It will be 
noticed that 25 per cent. nickel steel has been used for 
row 1 of the Curtis stage; this, however, is an isolated 
case, as far as the author is aware, for moving blades on 
these turbines, although this material is in use for 
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for about 24,000 hours. 
referred to is very much in evidence, and the rivet | 
heads in this sample are particularly bad, having prac- 
tically duageptesed. 

Fig. 6, Plate XLI (specimen 7/13) is from the second | 
row of Curtis blades on the same machine ; the deteriora- 
tion is similar, but not so far advanced; the running | 
hours are the same. The running time before reblading | 
was carried out varied considerably, but an ave has | 
been taken for the first four stages on sets 1 to 4, Simmer 
Pan, and works out at 26,700 hours. 





Flow of Staame OO Guide Blade oui 





class have at present run less than 30,000 hours, the 
time varying with the dates of installation. With the 
exception of row 3, Curtis stage, and stage 13, referred 
to later, none of the blading has been renewed unless 
damaged mechanically and shows no visible deterioration 
of the metal ; on the t row of Curtis blades the entrance 
edge is worn slightly concave, not sufficient, however, 
to warrant renewal. On the non-ferrous stages the 
deposit which collects under the blade shrouding has been 


found tocontain copper, showing that a certain amount) 


The Curtis blades have a shorter life than the later | of erosion has occurred ; this, however, is not visible on 
stages, and this is no doubt due to the higher temperature | the blades themselves. 


in the Curtis casing. After leaving stage 4 the deteriora- 


On row 3 (Curtis) the aluminium bronze proved 


tion takes a different form, erosion or pitting of the back | distinctly unsatisfactory, and became so brittle that 


or convex portion of the blade being usual. 
discharge edges of the blades also become very thin and 
holed, and are easily broken off. Fig. 7, Plate XLI (speci- 
mens 13, 10, 11, 12/13) shows typical examples. The 
blades are from stages 5, 6, 7 and 8 respectively, on No. 5 
set, Simmer Pan, and in this case ran for 33,665 hours 
before being renewed. While a certain amount of erosion 
has taken place, due to minute articles of matter passing 
through with the steam anda certain amount of moisture 
in the latter, the pitting looks as though chemical action 
had taken place, and may be due to certain impurities 
in the steam becoming active in the presence of moisture. 
It is curious that the action should be confined to these 
stages, as the two following stages (9 and 10) also of 
aluminium bronze, do not suffer. The four examples 
here shown would undoubtedly have lasted several 
thousands of hours longer before actual failure occurred. 
It was thought possible, however, that the roughness 
of the blades would detract from the efficiency of the 
set. After reblading careful tests showed that no 
appreciable improvement had been made in steam con- 
sumption. The last two stages stand up well, the present 
running hours varying from 39,000 to 46,500 on the first 
four sets at Simmer , and up to 52,000 on one of the 
two sets at Brakpan, which is in each case is the total 


he inletand | some cases the blades broke away from the wheel, and 


in all cases the edges were so brittle within the runnin 
hours above mentioned that pieces could be knocke 
out with a slight tap. The bronze in this row has since 
been changed for steel, with satisfactory results. On 
sets 3 and 4, Vereeniging, steel was used from the first, 
and has run 25,000 hours, being at present in excellent 
condition. 

Fig. 8, Plate XLI (specimens, 5, 6/15) shows good 
examples of aluminium bronze blades from row 3 (Curtis) 
from two different turbines; the blades were renewed 
after 15,000 and 18,000 hours respectively. 

The brass blades in stages 6 to 9 are in excellent 
condition from a deterioration point of view, but in 
several cases have been severely damaged mechanically 
from various cuases, and successfully straightened up. 

The aluminium bronze blades in stages 10, 11 and 12 
have proved satisfactory, but in stage 13 breakages of 
the blades have occurred. The blades are secured to 


the wheel by a tee-headed root, and fracture frequently | 


occurs across the neck of the tee. The weight of the 
complete blade is 9 oz., and the mean velocity 327 ft. 

r d, at a ius of 3.1 ft. The stress is, there 
‘ore, not excessive, being 601 Ib., which, taken over an 














area of 0,1 square inch, equals approximately 3 tons per 


The flaking of the metal | from 15,000 to 23,490. The other turbines under this | Curtis stationary blading. A peculiarity of this steel 


is its non-magnetic property. 

In this particular case failure occurred after running 
for 17,700 hours, although in outward appearance the 
metal appears to be quite good. Specimen 7/11 showed 
one of these blades considerably battered ; cracks were 
noticed near the root of the blade, showing the brittle 
nature of the material. An examination of the turbine 
after breakdown occurred showed the inlet nozzles to be 
intact, and although it is possible that some foreign 
matter may have passed through the nozzles and fouled 
the blades, it is improbable, and it may be concluded 
that these particular blades broke owing to brittleness 
of the metal acquired by use with high temperature steam 
and vibration. 

Five per cent. nickel steel in vse on the other sets for 
row 1 has given satisfaction up to the present, but the 
running hours to date are much less than the generator 
turbines previously referred to, 15,600 hours being the 
maximum. 

In the second row of Curtis blades two materials have 
also been tried, namely, aluminium bronze (L) and 5 per 
cent. nickel steel (P). The former proved quite unsuitable 
in all cases, and has now been replaced by 5 per cent. 
nickel steel. The 5 per cent. nickel steel now in use 
for row 2 has so far proved satisfactory, but has only 
been tested for 11,500 running hours. 

The aluminium bronze blades in stages 2, 3 and 4 
have a similar record to those referred to above, and 
Fig. 10, Plate XLII (specimens 1/11 and 3/11) shows 

ood examples from the second and fourth stages after 

0,500 running hours. They certainly look as though 
the inside of the turbine was no place for them, although, 
judging by, the quality of the metal in the heavy part 
| of the e, there is no doubt they would continue to 
do their work inefficiently for quite a long time. These 
three stages have now been- replaced by brass, and 





| although sufficient time has not elapsed to say that this 
material applied to these stages is satisfactory, examina- 
| tion after 1 


,000 hours does not show any deterioration, 
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and it will certainly prove to be much more suitable 
than the aluminium bronze. The metal is quite soft 
and pliable, and the thin edges stand up remarkably 
well to the steam temperature. 

In stage 5 aluminium bronze is again used, and also 
stands well. In no case has this stage been renewed | 
owing to deterioration, the maximum running hours | 
being 18,000 odd. The temperature is fairly low at this | 
part of the machine, and this doubtless accounts for the 
longer life. Although corrosion of the metal has not 
occurred, a good deal of wear has taken place, the edges 
of the blades being now very thin oa fragile ; this, 
however, is fair wear and tear, and cannot be avoided 
unless a much harder material is used. 

Aluminium bronze was also tried in the sixth stage, 
but was unsuitable for mechanical reasons. After | 











being in use from 5,000 to 7,000 hours the blades broke 
near the root just above the distance pieces, and it is 
extremely probable that vibration was the cause. Five | 
per cent. nickel steel was then tried, but fractured in the | 
same manner. Ultimately a 5 per cent. nickel steel | 
blade was used with a reinforced root, which gave | 
somewhat better results ; the latter blades are, however, | 
not free from breakage, and a material is required which 
is not so easily affected by vibration. ‘Monel’ metal | 
is also being given a trial, but has not run long enough | 
to form an opinion as to its merits. Nickel brass (N)| 
is also being experimented with for stage 5; this alloy | 
has less tensile strength than aluminium bronze, being 
in the neighbourhood of 36 tons per square inch. It 


may, however, possess other valuable properties which | 





will render it useful for turbine work. The steel blades 
for stage 6, just referred to, show a small amount of 
erosion on the inlet edge of the blades after 6,000 hours. 

Turbines Classes 4 and 5.—These turbines have not 
been in commission for more than two years; the 
information therefore covers a much shorter period 
than on those previously described. Three metals are 
in use, 5 per cent. nickel steel, brass and bronze, arranged 
in the order given, starting from the H.P. end of the 
turbine. Steel is also used for the last three wheels 
in one case, and for the last two wheels in the other 
case, at the exhaust end. The metals appear to be in 
the correct position for the best results, and up to the 
present no trouble has been experienced. 

One point should, however, be mentioned—erosion 
of the inlet edge of the steel blades at the exhaust end 
of the machine is noticeable in all cases after 5,000 to 
6,000 running hours; in the case of the compressor 
t irbines (Class 5) running at 3,000 r.p.m., with a blade 
velocity of 720 feet per second, the erosion is very 
pronounced, the edge of the blade being like a fine saw. 
An actual blade is not available, but the photos, Figs. 11 
and 12, Plate XLII, show this fairly clearly. 

he above covers the whole of the main turbines 
installed. A short reference will now be made to two 
—_ of auxiliary turbines used for driving condensing 
sets, 
_ Ausiliary Turbines. Class 6.—These turbines have a 
Curtis wheel only, with four rows of blades, and no 
‘ow pressure or Rateau wheels. 

There.are 15 turbines of this-class in use, and in the 
earlier sets installed at Rosherville the first two rows of 
blades were of 5 per cent. nickel: steel, which has given 
good results, and the last two rows were of aluminium 
bronze, the use of which for these small turbines, where 
the blade section is small, proved disastrous. 

Corrosion-wes-well.advanced after 8,000 hours, and the 
blades frequently disappeared from the wheel after from 


TABLE IIL.—Anatyszes or Srexevs m Use. 











12,000 to 16,000 hours, usually at some inopportune 














© 
| r. 
Mark. Cc. . 3 8. Si. Mn. mS w. (Chro- Fe Remarks. 

| (Tungsten.)| mium.) 
| | 

per cent. | per cent. | | 

0.200 0.026 0.022 0.198 0.767 3.980 0.128 0.108 94.571 For guide blading only. 
Experimental stage. 

B 0.4°0 0.058 0.050 0.035 0.936 J } a 98.521 - e0 

Cc 0.286 0.056 0.030 0.120 0.648 4.860 a | — 94.000 pe mm 

Al 0.273 0.045 0.028 0.046 0.612 3.170 — | = 95.826 a jot 

H 0.350 0.030 0.040 0.200 0.500 —_ — | — 98.880 _ Guide blading only. Con- 

siderable pitting in some 
| | Cases, 

J 0.310 0.036 0.046 0.350 | 0.540 | 30.650 a -- 68.068 | Very unsatisfactory. 
| | Cracks badly. 

K -- — a — | — 25 ~s a — | Analysed for nickel only. 
| per cent. | Unsatisfactory. sed 
| | | for wheels and Curtis 

| stationary segments. 

P 0.204 | 0.016 0.010 0.046 0.288 4.750 0.350 —_ 94.336 For wheel blading only. 

| | | 














moment, causing a good deal of inconvenience. Fig. 13 
Plate XLII (specimens 2 and 4/9) shows typical examples 
of these blades, which would hardly be recogni as 
such, after 15,000 hours and 18,000 hours respectively. 
On the later sets installed at Vereeniging brass has 
been used for the last two years, and in one instance for 
the second row, and this material has given good results, 
being in good condition after 26,000 running hours. 


Ausiliary Pump Turbines, 
Class 7.—This type of auxi- 
liary has also a — Curtis 
wheel, but is somewhat larger 
than the previous one, and 
is direct-coupled to a vertical 
pump for supplying condenser cooling water. Six of these 
are testalled and in no case has the blade material shown 
deterioration, both steel and brass being in excellent 
condition after a maximum running period of 26,000 hours. 

General.—From the foregoing remarks it is perfectly 
clear that aluminium bronze for use as a blade material 
in the high-temperature stages of a turbine is totally 
unsuitable; it cannot be wholly condemned, however, 
as excellent results have been obtained when used in the 
low-temperature stages, and while brass might do as 
well in this position, one would not expect as long a life 
from brass owing to the soft nature of the material, the 
bronze being much harder and naturally more able to 
stand up to fair wear and tear. — 

The aluminium bronze in use is, as far as we are aware, 
of uniform composition. A few samples have been 
tested and the analysis is given in Table IV. A photo- 
micrograph of the metal polished and etched is shown, 
in Fig. 14, Plate XLIII. The specimen has been prepared 
from a new blade cut across at right angles to the length. 

Five per cent. nickel steel has so far given good service 
where used, and, as previously mentioned, in some of 
the later turbines has been put into the last two wheels 
at the exhaust end. Examination shows that a good deal 
of wet steam or water erosion is taking place in some 
cases, particularly on the steam inlet edge of the blade. 

As our experience does not extend beyond 10,000 hours 
on these new sets, we are somewhat in the dark as to 
the future behaviour of the steel blades in these low- 
temperature stages, but for the early stages up to, say, 
stage 5 or 6, there is no doubt that 5 per cent. nickel 
steel is an excellent material. The brass in use stands 
the temperature well, and in several cases has replaced 
aluminium bronze, with satisfactory results up to the 
present. ; 

Our experience with brass blades covers a maximum 
period of just over 30,000 running hours, and in no case, 


so far, has renewal been necessary owing to deterioration. | pe 


It is possible that this material will outlast'the steel, as a 





certain amount of oxidation of the latter is bound to 
occur. A photomicrograph of the brass in use ig shown 
in Fig. 14, Plate XLIII, the specimen being prepared ina 
similar manner to the aluminium bronze. 


STATIONARY BLADING. 


Inlet Nozzles.—Commencing first with the inlet nozzles, 
these are of cast-iron on all the turbines dealt with. 





Fig. 3. 
Fig. 15, Plate XLIII, shows the upper section of inlet 


nozzles for one of the 9,600-kw. Rosherville sets. This 
section is bolted to the face of the nozzle box and registers 
with eight ports of circular section leading from the latter. 
The lower section, containing six ports, is bolted to the 
nozzle box immediately below the uppersection. In the 
nozzle casting the port section gradually changes, and 
becomes rectangular where the steam leaves the nozzle 
and impinges on the moving blades. The separate nozzles 
or ports are divided from each other by a thin wall of 
cast-iron, varying from 3 mm. in thickness on the 
discharge side, and increasing in thickness as the nozzle 
assumes the circular section at the inlet side. Fig. 16, 
Plate XLIII, shows one of these nozzle sections cut down 
the centre. 

As supplied by the makers these nozzles are not at 
all satisfactory, the dividing pieces or vanes crack badly, 
and frequently large pieces break out and through 
the turbine ; this sometimes occurs after a few thousand 
running hours, and has been the cause of much anxiety 
and frequent examination. Usually, beyond slight 
bruising of the blades, little damage is done, but there is 
always the ibility of serious injury to the blading, 
and it is highly probable this was the cause of a partial 
strip on one of the sets. It is not an easy matter to 
locate the cause of many blading troubles, as a piece 
of metal will frequently pass through several stages and 
leave very little trace before becoming finally jammed 
about the centre or towards the exhaust end of the 
machine. 

Fig. 17, Plate XLIII, shows the appearance of a set of 
nozzles from one of the Rosherville 9,600-kw. sete after 
being in use for 3,000hours. Every vane is cracked or 
broken, but if pieces were knocked out of the two upper 
vanes, which are apparently sound, and loose portions 
chipped clear, the nozzles would be perfectly safe for run- 
ning purposes, The two vertical marks seen in the whole 
vanes are not cracks, but saw cuts, and were put in to 
prevent the damage referred to, but very little improve- 
ment, if-any, was effected. The photo is hardly repre- 
sentative of the condition of inlet nozzles after a running 

riod of 3,000 hours; usually two or three vanes only 
in each section have pieces broken off after that running 
riod. 

One would naturally think that with a nozzle damaged 
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Taste VL—GUIDE BLADE RINGS FOR 9,600-KW. TURBO-GENERATORS, CLASS 2. RUNNING HOURS TO SEPTEMBER 30, 1916, 
OR TO TIME OF RENEWAL. 


All blades 2 mm. thick. 148 blades 4 complete ring for all stages. 
All blades are of 30 per cent. to 32 per cent. nickel steel. J except where marked H. 8.R. denotes still running. X signifies renewed owing to deterioration, 





STAGE. 





| 3 a oe i Meas Ss erie ae ae oe Lm” 4 
Length of Blade ‘x | 30 mm. | 36 mm. 47 mm. 63 mm. | 87 mm. 119 mm. | 160 mm. | 199 mm. 250 mm. | 280 mm. | Remarks. 
| | | | | ! 





| | i ! j 
23,937 15,230 9,900 15,230 15,230 | 15,230 | 20,509 9,900* 20, *Stage 12 renewed owing 
| | §.R. Be | x x x x } x | x | to mechanical damage. 
| lst renewal | _ | 8,707 14,037 8,707¢ 8,707 | 8,707 | 3,428 | 14,037 »428 |tOne blade cracked 
| | sR. | oR. $:R. 8:R. SR. | SR. | 8B. | 8S.R. | when last examined. 
. 2, Rosherville | Original . a 29,609 19,887 15,308 19,887 19,887 19,887 | 19,887 | 19,887 19,887 | 


l 
. 1, Rosherville | Original ..| 








8.R. 4 coe i a oe a er a ee X tOne blade in stage s 
| (In state o/f collapse wihen renewe d.) developed cracks after 
| lst renewal — | ozs } ig Smet oy | 9,722 | 9 ow. — 722 | smart tapping. 
| -R. | -R. | -R. -R. 8.R. 8.R. | 


| . 
. 8, Rosherville | Original ..| 20,862 27,242 27,2428 | 18,023 18,023 | 24,403 | 24,403 | 24,403 | 27,242 2 
| 


| 8.R. .R. R. 8.R. x x x | to we oe 
| 1st renewal) = — — | — | ese 9,219 | 2,839 2,839 | 2,839 
| 











x 


R. | 
2425 | 

—“~! 
x | 
_ §Renewed recently—not 
} yet recommissioned. 








| 
M.S. Reblladed rings—-Flanged 
| blades. | 
| | | SBR. | SB. | S.R. | 
. 4, Rosherville | Original .. 12,075 | 12,075 | 12,075 | 12,075 | 12,075 | 
| Rece | 





| 
| 
| 





| 
| 
| 


12,075 12,075 





oa 
. ™ H ani mE of paeees coment t hese stages. | — un/ascertained|. —"~ _pratueed on 
lst renew , 5 y 851 (| 19,851 19,851 | 19,851) ades in stages 7 and 
H 8.R. H H H H | H 12 when hammered 

8.R. S.R. 8.R. 8.R. S.R. .R. smartly. 





top 

2, 12,474 

. 5, Rosherville | Original .. x | 
tl ech. 8.R. ech | 

| 

| 

} 

} 


. bottom 17,110 24,945 
damage S | 





**The bottom halves of 

guide rings for stages 

; . top top 7 and 8 were not re- 

lst renewal 4,670 | 7,801tt newed at the same 
§.R. -R. -R. bottom bottom ss RK. me. | -R. time as top halves. 

3,165 | | and 8 

| mechani- 

















2nd renewal _ _ _ | } | 4,670 

| §.R. | -R. 

.1, Vereeniging | Original ..| For all stages. All guide rings eased after running 15,485 hours. 

Cracks produced on sample of blade from 11th stage on heavy jarring with 
chisel after 20,708 hours. 


Cracks produced in stages 9, 10 and 11 blades on tapping with hammer 
after 24,000 hours. 


. 2, Vereeniging | Original ..| For all stages. Guide rings eased after 9,467 hours. 
|; §.R. Cracks 


produced on stages 10 and 11. blades on tapping after 20,000 hours. 
Not visible otherwise. 


. 8, Vereeniging | Original ..| 2nd stage 25,564 | For all stages. Guide rings eased after 15,174 hours. 
| not fitted 8.R. Cracks produced on 7 to 11 blades on tapping after 20,000 
} hours. Not visible otherwise. 


. 4, Vereeniging | Original ..| and stage 20,508 For all stages except 10. | 16,919 
| no nh. 
yo pn | oye meng on Stage 11 on tapping blades after 16,919 hours. 


All guide rings eased after 9,272 hours. 3,589 
| a * * 
| ! 






































ist renewal 














Taste I[V—ANatyses or Non-Ferrovs Attoys in Use (Usep ror Waeet Biavine Onty). to the machine, Fig. 18 shows the idea, which has been 
7 7 carried out on all the main turbines, — — we have 

ngth been practically free from breakage of nozzle vanes. 
Pb. Ni. | tee Sq. | Specific iii A good deal of bulging and distortion still takes place, 
In. 
| 





= Gravity. | due to the expansion and permanent growth of the 
| cast-iron; cracks also develop frequently at the apex 


2 7 | of the V, but the vane adheres to the nozzle cheeks and 
— | 44actual blade..| 7.73 | Aluminium  bronze.—vVery | usually does not break off, as was formerly the case. Cast- 
| Unsatisfactory in high tem- | iron is farfrom being the best material for inlet nozzles, 

| 


| 
perature s | but it is no doubt very much cheaper in the first place 
| 


0. ‘ Trace -- ~ 8.58 | Brass.—Stands well. : d receive 
wa ‘ — | 10.00 | 37 actual blade..| 9.43 Nickel brass.—Experimental | than anything else, and for this reason shoul c 
1. 


— | it sal some consideration before being discarded. A further 
— —" want i ta eon experiment has been tried, namely, steel blades, forged 








¥ Le ‘e ~—— | from mild steel bar to the same shape as the cast-iron 

Taste V.—Mareriats Usep ror WHEEL BLADING oF ALL TURBINES. | vane and cast into an iron body. The analysis of the 

; | atte is not known, but the bar is of ordinary commercial 

Curtis Stage Rateau Stages | | quality. This nozzle was made locally, and has been 
Ww. 


| |running on one of our large (9,600 - kw., Rosherville) 





es Ce sree turbines for over 3,000 hours. When last examined it 

was in excellent condition—in fact as good as the day 

we hens lit was first put into commission, and should further use 

1-3,000-kw. 3... LD L ~— | LLLLLLtLuLL — — — | On Sets 5 and 6 Simmer Pan stages 1 to 4 are fail to disclose defects in this type of construction, the 
steel. 


2~9.600-k PPI l\PpPPPMMMML LULL | oud cote 2 a 3.and 4, Vereenig! | idea is well worth adopting. ne — es posed of 
oe ewe raw no not fitted on sets 3 and 4, Vereeniging, | cast-iron to break off, and although a V-shaped portion 
| | Practically no deterioration on these stages. which are rated at 12,000 kw. These two | ; a “i J] revious] 

| Maximum running hours, 30,673. sets are bladed with P steel for the third | is cut out of the vanesin the cast-iron nozzles p 


, Row. 
1. 2 3. 4. | * 8. 4 5 6. 7. 8 9 10. 11. 12. 18. | 





row Curtis stage. described, and additional safety is thereby attained, 
3-4,000-h.p. ..| P° L |/L LLL it—~-—~——~— ~— ~ — | *One set only was fitted with K steel on | there is still the chance that a piece of the remaining 
Row 1. | portion of the vane may break away and do a lot of 
t L bronze aoe egnaat with P steel on all|damage. There are two exceptions >to genase) 
| , i i e power 
4-12,000-kw.— | i Se | Scie Bir eines 8 ond 6 te! rule of cast-iron nozzles on the plant ee ~—— a 
Simmer Pan .. P |P } Brakpan sets, and M brass for same stages in | 8t@tions—one on a small compressor tur A 
Brakpan ue ) | Simmer Pan sets. | Pokorny ant — = we. ae ae vee td 
5-10,000-h.p.  .. - | ere are two wheels in parallel for stage 5, | carved out of a s ock, an o , 
: "Doth bladed with P steel. a |set turbine built by W.H. Allen and Co., the nozzle in 
this case being of steel, machined and inserted in a cast- 
\steel body. These two turbines are not dealt with 
\in this paper. In both cases the result leaves nothing 
- \to be desired, and this metal is probably as suitable as 
jeny at present in use by turbine builders: Bronze a 
have been used by some manufacturers,* but the aut or 
is not aware of the pre aga Brass em ——, 
i ve sul 
in this way e considerable falling off in efficiency would | efficient as if nozzles in good condition had been used ; be too soft. Monel metal might pro 
result ; this, however, was not noticed, and led to a test |it was obviously sound practice, therefore, to remove . re 
being carried out with a particularly bad set of nozzles.|that part which invariably broke away. A V:shaped| * “ Design and Construction of Steam Turb' 
The result of this test showed that the turbine was as | portion was accordingly cut out before fitting the nozzle | Martin, p. 231. 





P = 5 per cent. nickel steel. L = Aluminium bronze. M — brass. 
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would stand the high temperature and give a good, clean 
casting. Steel castings would be difficult to make on 
account of the thin dividing pieces, and it is doubtful 
whether a sound, smooth casting could be produced. 

Curtis Stationary Segments—F our metals have been used 
for the blading of Curtis stationary segments, and details 
of the results when fitted with the various classes of 
turbines are given below. 

1. Aluminium Bronze (L).—-This metal was originally 
used on turbines Classes 1 and 6, and proved totally 
unsuitable ; the metal disintegrates rapidly owing to 
temperature, in a similar manner to the wheel blading 
previously described. 

2. 25 per cent. Nickel Steel (K).—This metal has also 
bsen used on turbines Class 1, and stands up well for a 
time, but becomes brittle with use. One failure has 
occurred, the blade breaking at the narrow part of the 
neck where fixed to the segment. In the case referred 
to failure occurred after 33,000 hours. K_ steel has 
also been used for the first row of blades on the stationary 
segments of the auxiliary turbines, Class 6, and one case 
is on record where the blades failed by breaking at the 
root after 15,000 hours. 

3. 5 per cent. Nickel Steel (P).—This material is now 
used exclusively for all main turbine stationary segment 
blading, and stands up very well. In some cases renewal 
has been necessary owing to wear, the inlet edge particu- 
larly becoming concave, and both edges very thin and 
easily broken. Where more than one row of stationary 
blades is used, as on turbines Class 2, it is the first row 
which suffers, but this row does not require reblading 
under 20,000 hours. The second row has not, so far, been 
rebladed, the maximum running hours being 30,678. 
In the auxiliary turbines, Classes 6 and 7, P steel is nearly 
always used in the first row, and frequently in the 
second, 

4. Brass (M).—Brass is sometimes used for the second 
row of the auxiliary turbines, Classes 6 and 7, and, under 
present practice, always for the third row. It stands 
well, the maximum hours in use so far being 30,673. 

It will be seen from the above that the metals used 
for Curtis stationary blading behave in the same manner 
as when used for Curtis wheel blading. 


(To be continued.) 





THE METRIC SYSTEM. 
To tHE Eprror oF ENGINEERING. 

Srr,—Your editorial article of March 30 treats of 
“The Metric System,” and particularly of the fears some 
firms in Great Britain have in adopting it, and invites 
the records of actual experience. Let me tell them 
that about 1890 many British engineers came over to 
Bilbao for a shipyard, and they made all plans and 
drawings in English measures, but they very soon got 
to work according to the decimal system, because they 
found it is more easy to do so. 

Some persons think that it would be a good plan to 
divide the foot into tens and hundreds. It is therefore 
well to mention that a firm of leading tool makers— 
I might almost say the grandfather of all tool makers— 
sent out at that time a lot of heavy machine tools, and 
the plans corresponding to them were dimensioned in 
that way. They puzzled us all, we could not realise 
what was a tenth of a foot, and ultimately we re- 
dimensioned all the plans with ordinary English measures. 
This shows that if a change to the decimal system is to 
be made, it must be done with the metre as unit. 

Since those days many British engineers have come 
out to Spain, and they have tae | taken to work 
in the metric decimal system, because they have quickly 
found it easier to do so. In that they have obeyed the 
same law that makes a tired man find his bed. There- 
fore if British engineers take up the system here readily, 
they will surely do the same in Britain. As far as trade 
is concerned, it will simplify it enormously. At present 
any English specification must have all quantities put 
into metrical equivalents if the customer out here is to 
take it into consideration, and this, of course, implies 
double work. Leading British firms are well aware of 
this, and take care to send out drawings and specifica- 
tions with metrical equivalents noted on. Their 
catalogues show also the same care, and it is one of the 
reasons why they keep up their trade. But what about 
the bulk of other manufacturers and dealers? Are they 
to continue dealing with odd measures of shafting, 
pulleys, belting, piping, bolts? I fear they cannot. 

I beg to remain, yours faithfully, 
J. GOENAGA, 

Alameda Mazarrdeo, 5, Bilbao, April 20, 1917. 


To THE Eprror or ENGINEERING. 

Srr,—On page 361 of your issue of the 20th inst. 
you draw attention to the number of presidents of 
U.S.A. engineering firms who oppose the metric system, 
and infer that their opposition means that of the 
engineering talent of the United States. But a 
* president ’’ in U.S.A. is really the same as a “ chair- 
man of directors’? here. He is usually an elderly 
commercial man who has the confidence of his fellow- 
capitalists, but knows little of engineering. His age 
makes him conservative and opposed to change, and 
he fears, with Mr. Halsey, the scrapping of tools and 
literature, although such a thing has never occurred 
in a metric country. 

The immediate effects of metric legislation are strictly 
confined to transactions where materials and f are 
sold by length or weight, i.e., at a price per yard, or per 
pound, because the law does not touch any other 
transactions. 

it will be 20 years before the entire population has 
come to think in the new system. In the meantime it 


has gradually crept into the workshop and factory. 
Technical literature is seldom useful in a quantitative 





sense after 20 years. The newer literature will be 
almost exclusively metric. 

ong your correspondents, ‘‘Senex”’ objects to the 
interests of ‘“‘men having business relations with foreign 
countries’’ being allowed to influence our actions. He 
evidently fails to see that our financial stability after 
the war will depend on those who will find markets for 
our goods. Such men must be assisted in every way 
instead of being hampered. They must not merely 
have metric measures in their catalogues, but they, and 
their travellers, and the factory which gets the orders, 
must think in the metric system. ; 

Your correspondent ‘“‘Tony”’ illustrates this phase 
very well by an example from South American trade, 
where the English manufacturer is forced to trade 
through a London representative of the foreign market, 
and suffer all the disadvantages of such a weak position. 

Yours faithfully, 
** EYEBOLT.”” 

Royal Societies Club, St. James’s-street, 8.W.1, 

April 27, 1917. 





To THe Eprror or ENGINEERING. 

Srr,—Everyone must agree with your Dutch corre- 
spondent that ‘“‘German industry has developed so 
tremendously partly owing to its colleges and technical 
literature’’ ; but, as one who has had practical e: 
ence of varidus systems abroad, I think it could be 
shown that Germany’s great advance was not due to 
her adoption of metric weights and,measures. It might, 
indeed, be u by “cranks”? that her commercial 
success in England was the natural result of the Silber- 
— and thaler being superseded by the mark and 

0-mark piece—the respective equivalents of our shilling 
and sovereign—which is absurd ! 

The simplicity of the metric system is not ques- 
tioned ; but why should not existing British workmen 
continue working, if they wish, to dimensions in feet and 
inches when making machinery which can be described 
in polyglot catalogues and sold by the centimetre- 
gramme or any other measures to suit foreign customers 
whose language and coinage are also different from ours. 

* CosMOPOLITAN.”’ 

London, April 28, 1917. 





METRIC SCREW THREADS. 
To THE Eprror or ENGINEERING. 

Srr,—I have noticed in ENGINEERING of March 30 last 
Dr. Unwin’s article “‘ Further Notes on Screw Threads.” 
When recalling the particulars of the metric thread, as 
settled at Zurich in 1898, he has omitted to mention 
that in that system the diameter of the thread is a 
dimension reached neither by the male nor by the female 
thread. The male is smaller, the female is larger than 
that size, and the difference constitutes the necessary 
play between both parts, and is left to the discretion of 
each maker. 

This detail is all-important to secure interchange 
between work of different makers. It is quite clear that 
in following it all bolts and nuts can work together, 
with a degree of play that will depend upon the accuracy 
of the work of soak maker. As ex-bolt maker I may 
say that from the day I adopted that principle I found 
it quite easy to screw bolts and nuts quite independently 
of each other and yet secure a proper fit. The principle 
is capable of wider application with equally g results. 

r am, sir, yours a 
J. GOENAGA, 


Alameda Mazarredo, 5, Bilbao, April 20, 1917. 








METRIC AND DECIMAL SYSTEMS. 
To THE Eprror oF ENGINEERING. 
Str,—While not concerned to discuss the metric 
system of measurements, might I su that your 
correspondent’s method of decimalizing British coinage 
would give needless trouble. On his own showing a 
shilling of tenpence would call for measures of some 
magnitude and difficulty. Why not retain most of the 
existing coins, with their easy and familiar divisibility, 
in combination with decimal notation ? Thus, let Il. 
remain the larger unit, and one farthing—slightly 
diminished in value so that 1,000 = l.—the smaller. 
The penny, with coins expressed as multiples thereof, 
would be related to the lower unit, and their value 
relatively to each other could remain the same as at 
present; é.e., one penny=4 farthings or 0.004 of ll; 
6d. = 24 farthings, or 0.024 of Ul. The florin and 
shilling would remain respectively the 10th and 20th of ll, 
but in relation to the lower unit the florin = 100 farthi 
and the shilling = 50 farthings (124d.instead of 12d.). 
Any fraction of 1., from fa. to 19s. 113d., would in 
this way be shown by three figures, against a possible six 
in the existing system, while for small transactions in 
pence there would be practically no disturbance of 
present methods or values. 
Yours very obediently, 
Rosert M. STEELE. 
Rooms 19/20, No. 1, East India Avenue, Leadenhall- 
atreet, London, E.C., 30th April, 1917. 





CaNnaDa’s 
appointment of Mr. J. W. Norcross, vice- 
a manager of the Canada Steams 

irector of Shipbuilding in Canada, Canadi 
finds evidence of an effort to appoint for the management 
of public affairs men who have shown through their 
success in business and industry their practical ability 
and capacity to handle big projects. Mr. Norcross, 
co-operating with the Imperial Munitions Board, is to 
organise the shipbuilding facilities of Canada in the 
interests of the British mercantile marine. 


Drrectror or Suxrpsvuitpinc.—In the 
i ident and 
ip Lines, as 
Machinery 
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TRIAL OF AGRICULTURAL TRACTORS. 


Tue Royal Agricultural Society of England, at the 
request of the rd of Agriculture, have tested two 
agricultural tractors recently in Cheshire. These 


tractors were manufactured by Mr. Ford, of America, 
who has _— at the disposal of the Government all 
plans and specifications of his machine, as well as the 
services of his experts. It is stated that the tractors 
might be made by British firms, provided they are not 
sold but used by the Government. 

The judges who undertook the test included Professor 
ge Mr. F. 8. Courtney, Mr. R. M. Greaves, Mr. 
R. W. Hobbs and Mr. Henry Overman. Sir Gilbert 
Greenall, h , director, provided the land, and 
was assisted by the Hon. John E. Cross as steward. 
The following report has been submitted by the judges : 
ay > dp Ay Ee on the trials of Ford Motor Tractore 

eld on April 24 and 25, 1917, near Warrington. 

At the request of the Royal Agricultural Society of 
England we have examined two Ford tractors rated at 
25 h.p. at work ploughing. First, cross-ploughing a 
fallow of ~~ land in a dirty condition, an oukeo- 

ently in a field of lighter land which had seeded itself 

own into rough grass and which afforded every oppor- 
Td of testing the motor on the level and on a steep 
1 





In the first trial a two-breast Oliver plough was used, 
ploughing on an average 5 in, deep with 16-in. width 
of furrow, subsequently with a three-furrow Cockshutt 

lough at the same depth with breast pitched 10 in. 

n the second trial the three-furrow plough was used, 
ploughing an average of 6 in. deep. fn both cases the 
motor did its work with ease, and on a measured acre 
the time occupied was 1 hour 30 minutes, with a con- 
sumption of 2} gallons of paraffin per acre. These 
results we consider very satisfactory. The ploughs 
were not quite suitable to the land, and the tractors 
consequently were working at some disadvantage. 
The total weight of the tractor fully loaded with fuel 
and water, as weighed by us, was 23} cwts. 

The tractor is light for its power, and pny je 
light on the land, is easily handled, turns in a small 
circle, and leaves a very narrow headland. The motor 
is quickly started up from cold on a small supply of 

trol. 

a these trials we proceeded to Messrs. Ford’s 
works at Trafford Park, nehester, where one of the 
motors had been sent to be dismantled and inspected 
in detail. We find the design of ample strength, and 
the work of first-rate quality. We consider the driving 
wheels rather light, and we understand that a new 
and stronger pattern is to be supplied in future. The 
tractor is designed purely for working on the land, and 
the wheels, which are fitted with spuds, should be 
provided with some protection to enable them to travel 
on the road when moving from farm to farm. ring 
the above points in mind we recommend, under existing 
circumstances, that steps be taken to construct imme- 
diately as many of these tractors as possible. 
Judges. 

W. E. Darsy. 
F. 8. Courtney. 

Engineering. 
R. M. GREAvVEs. 

Engineering and Agriculture. 
Rospert W. Hosss, 
Henry OVERMAN. 

Agriculture. 
Gitspert GrEENALL, Hoh. Director. 
Joun E,. Cross, Steward. 


Signed 


Signed { 





Germans IN Hono-Kono.—An extraordinary general 
meeting of the Chamber of Commerce on April 25, says 
The London and China Telegraph, adopted a resolution 
to the effect that in the best interests of the Colony 
persons of German nationality should be excluded from 
the Colony for at least 10 years following peace and should 
then only be admitted under strict surveillance. A very 
largely attended public meeting held subsequently 
enthusiasticall endorsed the resolution of the Hong-Kon, 
Chamber of Commerce, demanding the exclusion o 
Germans from the Colony for a specified period after 
the end of the war. 





SHIPBUILDING In Norway.—The British Vice-Consul 
at Haugesund, says The Board of Trade Journal, reports 
that he is informed by the proprietors of shipbuilding 
yards in his district that they are unable to obtain the 
materials they require owing to their connections in 
the United Kingdom being unable at present to give 
deliveries. Two proprietors of shipbuilding yards state 
that they will endeavour to seek connections in the United 
Kingdom at a later date, when the pressure of work on 
British firms will not be so great. The Vice-Consul 
thinks that it will be of interest to United Kingdom firms 
dealing in shipbuilding materials to learn that there will 
be a market after the war for such goods at Hangesund. 
The proprietor of one of the local yards stated that 
British ipbuilding materials are preferred to German, 
and that this was the case in many other places besides 
Haugesund. At one time practically all the trade in 
Norway in shipbuilding supplies was in the hands of 
British firms, but with the i dd d for this 
class of goods German competition became keener, and 
trade was gradually diverted into the hands of German 
firms. German shipbuilding firms are not losing sight of 
their old customers, and, although they are unable to 
make offers at the present time their representatives make 
periodical calls upon their connections, thus keeping in 
touch with consumers, so that when the time is ripe 





‘they may recommence active selling operations, 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scotch Steel Trade—As things are at present 
little variation in the steel-making industry takes place 
from week to week—it is high pressure all along the 
line, and manufacturers are ing immense efforts 
to keep the supply level with the demand. At the 
moment the excessive demand for shell steel, which has 
been of such overwhelming urgency during recent months, 
has slightly tapered off, and considerable attention is 
now being directed towards an increased and increasing 
output of marine shapes and sections for the shipbuildin 
yards, where the construction of standard boats an 
mercantile tonnage is going on apace. Much of this 
material is required on Government account, and the 
shipyards are as actively employed as are the steel 
works. For home delivery rates are unaltered, and 
while export prices are merely nominal, a matter of 
arrangement, with the exception of some limited ship- 
ments to our Allies no steel is being sent overseas. 
The rates quoted a week ago still hold good, with little 
prospect of any immediate change. 


Malleable Iron Trade.—Both in their steel and iron 
departments malleable iron makers continue to put 
through an extraordinary amount of business, mainly, 
of course, connected one way or another with the war. 
The restrictions which have been hinted at are stil] in 
abeyance, no definite intimation regarding them having 
as yet been declared, other than that export has been 
forbidden for shipbuilding sizes. ‘‘Crown’’ bars are 
firm at 151, 58. per ton fob. 


Scotch Pig-Iron Trade.—Even with increased facilities 
for production the supplies of pig-iron required by our 
and the allied Governments strain the capabili of 
the iron masters, the enormous output notwithstand- 
ing. Hematite is in continuous request at the steel 
works, while the iron works quickly absorb every avail- 


able ton of forge 7. Within the past few days a/ 
o 


certain quantity of foundry iron has been put upon the 
market for general mercantile purposes. A continued 
scarcity of material for export prevails, therefore licences 
are being but sparingly granted. Prices remain firm. 


Scottish Steelworkers’ Advance.—The secretary of the 
Scottish Steel Employers’ Association has just intimated 
to the Scottish district officials of the National Union of 
General Workers the information that an advance of 
5s. per week will be granted to all semi-skilled and 
unskilled workers employed in Scottish steel works; 
this advance to take place as from March 1. 


Clyde Engineers’ Wage Advance.—An interesting letter 
dealing with the recent advance has been received from 
Sir George Askwith by Mr. Sam Bunton, secretary of 
the Glasgow District Committee of the Amalgamated 
Society of Engineers. The Chief Industrial Com- 
missioner says :—‘* Whatever the existing practice may 

as regards payment for a regular night-shift week, 
or for overtime work on night shift, the 5s. in the general 
award of March 1 should be added to the existing weekly 
day wage, and the resulting figure should be treated in 
calculating the night-shift wages and any night shift 
overtime payment, in exactly the same way as the exist- 
ing weekly day rate has been previously treated.” 





Unrrep Srares GOVERNMENT ARMOUR PLANT.— 
According to The Iron Trade Review, Cleveland, Ohio, the 
Secretary of the Navy, Mr. Daniels, has finally admitted 
that the 20,000-ton Government armour plate plant 
cannot be built for 11,000,000 dols., the sum appro- 
priated by Congress. 


Pyropnoric Attoys.—The fact that certain alloys 
of the rare earths, especially cerium, when filed, gave 
showers of sparks capable of igniting inflammable gases, 
was discovered by Auer von Welsbach in 1903, and for 
some years Welsbach practically held a monopoly in 
this novelty. The price of the common iron-cerium 
alloy with 60 or 40 per cent. of iron sank from 12i. 
to ll. per kg. in the 10 years after 1903. The metal with 
which the metal is alloyed, known in Germany simply 
as the Mischmetall (mixing metal), is not unimportant. 
The actual common ferro-cerium, we see from The 
Engineering and Mining Journal, 1917, page 212, con- 
tains only 15 per cent. cf iron; further, 2 per cent. of 
bismuth or antimony, to narden the alloy, 5 per cent. of 
copper to make it more fusible, and silicon, a general 
impurity of the rareearth metals which has been taken 
up from the clay crucibles. The alloy of cerium with 25 
per cent. of a is considered the most highly 
pyrophoric. The alloy with mercury is expensive ; 
zine alloys are convenient for lighting miners’ lamps ; 
25, per cent. of magnesium or aluminium makes the alloy 





is very undesirable, as the alloys, unless kept under oil, 
oxidise and lose their efficiency. The raw material 
for these alloys is the waste from the factories which 
extract thorium from the monasite sand (for gas mantles). 
The residue of various rare earths is converted into 
chlorides, and the anhydrous salts are electrolysed in 
pew & or water-jacketed iron crucibles provided with iron 
cathodes, The fluorides of the rare earths are not con- 
venient for reduction. The best known form of pyro- 
phoric deyice is the common pocket lighter, which in the 
early days contained only small pieces of the alloy, 
=o rhaps 0.25 gramme. In the modern form a 
stick of alloy is fo against a wheel of hard steel, 
which is rough like a file, and the shower of sparks falls 
on a wick soaked with benzene or olene. Or the 
alloys form a long strip, against which a pin is struck ; 
this pin is wrap with asbestos kept saturated with 

olene. In America ferro-cerium is much in demand 
or patent gas lighters. 


FEBRUARY. 


102) FEBRUARY. 


Norz.—In the di above the figures 


“standard” metal respectively. 


silver, however, the price is 
Welsh ports. [Each vertical 


represen 

On July 7 the 
dealing in certain metals, &c.; thus the 
and Cleveland at 41. lls. 6d. per ton. Ship-plates 


MARCH 


jotted for tin and copper are the official closing cash 
quotations of the London Metal Exchange, as far as they have been reported, for ‘‘ fine foreign” and 
The prices shown for antimony and lead are for English metal in both 
cases, whilst those for spelter are for American metal. The prices are per ton, but in the case of quick- 
per bottle; the price of tin-plates is per box of I.C. cokes free on board at 

line in the diagram represents a market-day, and the horizontal lines 
t 11. each, except in the case of the diagram re 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 


(Specially Compiled from Official Reports of London Metal and Scotch Pig-Iron Warrant Markets.) 
MARCH 


APRIL. 


APRIL. 


ting to tin-plates, where they represent Is. each. 


Minister of Munitions issued a list of maximum prices and regulations governing the 
ice of hematite pig was fixed at 6/. 2s. 6d., Scotch at 5i. 14s., 


were priced at 117. 10s., and heavy steel rails at 


107.178. 6d. per ton. These quotations are still in force. (For official regulations see page 45, vol. cii.) 


brittle and easy to pulverise. The presence of carbides | _ 





THe SHADWELL TESTIMONIAL Prize.—The Shadwell 
Testimonial Prize, which is granted to officers of rank 
not higher than Lieutenant-Commander for the most 
creditable plan of an anchorage or other marine survey, 
accompanied by sailing directions, has been awarded for 
the year 1916 to Lieutenant-Commander Brian L. 
Hewitt, R.N. 


Propuction oF Expiosives: Raw MATERIAL FROM 
WITHIN THE Emprire.—Until recently our supplies of 
acetone, of which enormous quantities are now required 
in the manufacture of propellent explosives, have been 
largely obtained from foreign countries, where cheap 
supplies of waste wood were available for destructive 
distillation for acetone production. Since the outbreak 
of war, however, this position has been radically altered, 





and acetone is now produced in this country on a la 


scale by the distillation of wood and in other ways. e 





oe is also being taken up in other countries of the 
pire—it is proposed, for instance, to erect a factory 
for this purpose in Natal, where wattle wood will be used 


as a raw material. The possibility of similarly utilising 
the wattle wood accumulated in connection with the 
wattle bark industry of the East Africa Protectorate is 
also under consideration, and at the Imperial Institute 
an exhaustive series of trial distillations with this wood, 
and also with olive wood from the same Protectorate, 
used locally as fuel, has just been concluded. The 
results show that the yield of acetone and acetic acid 
from both woods is satisfactory. A good yield of acetic 
acid is also being obtained in Ceylon from the distillation 
of cocoanut shells and various local woods. Attention 
is also being given to the subject in the Indian State of 
Mysore, and it seems likely that in a short time the 
— will be able to produce all the acetone and acetic 
acid it requires. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
South Yorkshire Coal Trade.—Full tonnage of manu- 
facturing fuels is still required for inland works, but 
thanks to improved workings at the pits, fairly ample 
deliveries of best steam hards and cobbles are being made. 


Steam nuts, however, are still on the short side, There 
is little change in this section for export, and for the 
most part prices remain steady and unaltered, Gas 


companies are receiving substantial deliveries on con- 
tract a t. Busi on the open market is of a 
restricted character, and has been further reduced by 
the drastic action of the authorities in commandeering 
a considerable quantity for works whose reserves have 
been greatly thinn Householders’ demands are 
showing a pronounced falling-off, and there is a possi- 
bility of arrears being = off. Quotations :—Best 
branch hand-picked, 20s, 6d. to 21s. 6d.; Barnsley best 
Silkstone, 18s. 6d. to 19s, 6d.; Derbyshire best brights, 
18s. 6d. to 198. 6d.; Derbyshire house coal, 178. to 18s. ; 
best large nuts, 16s. 6d. to 17s. 6d.; small nuts, 15s. 6d. 
to 16s. 6d.; Yorkshire hards, 16s. 6d. to 17s. 6d.; 
Derbyshire hards, 16s. to 178.; best slacks, 12s. to 13s. ; 
seconds, 10s. 6d. to lls. 6d.; and smalls, 7s. 6d. to 
8s. 6d. per ton at the pit. 


Iron and Steel.—The erection of new furnaces is being 
rapidly proceeded with at many of the Sheffield steel 
works, and there is a great demand for the necessary 
labour and materials. It is optimistically calculated 
that by the present quick and extensive increase of the 
steel-producing pry d of the country we may be in 
the happy position at the latter end of the year of being 
able to supply the full amount of our steel requirements. 
Electric melting has been an important factor in the 
development of the Sheffield output, and there are now 





upwa: of fifty electric furnaces at work. Certain of 
the la firms, whose names must be withheld, have 
received intimations that the stocks of ammunition are 


so satisfactorily large that they can now turn from such 
production to other branches of their industry, and the 
result has been to divert more energy to anything in the 
shape of marine work. There is an abnormal inquiry for 
all classes of shipbuilding work, and this concentration 
upon output should have a very beneficial effect upon 
the prodigious efforts made to secure the desired end. 
Railway companies are coming more freely into the 
market for supplies. Their immediate requirements 
are renewals and repairs, but we have reliable information 
that soundings have been taken as to the capacity of the 
Sheffield houses to undertake new construction work. 
It is well known that the exigencies of war have rendered 
it inevitable that the companies should delay as long as 
possible anything in the shape of new work, but it is 
felt now that existing resources have been tested and 
worn to the utmost limit, and there is every prospect of 
a big and urgent call for steel for the railway services. 
Substantial orders have been placed here for files, chiefly 
of the larger sizes. Both home and foreign customers 
are requiring saws in huge parcels. Plate makers have 
ceased to produce for home trade, and are reserving 
their material for holding overseas custom together. 
There is a likelihood that the trade may be vouc ed 
by the Ministry of Munitions sufficient cupro-nickel scrap 
to suffice for Government and export contracts. Cutlery 
makers intimate their inability to induce the authorities 
to allow the use of open-hearth steel for table knives, 
other than Government orders. Shell-discard, crucible 
and stainless steel may be used. Overseas indents are 
for files, shovels, saws, sickles, sheep shears, hardware, 
steel, cutlery and plate. 





SpanisH Iron OnE ResERves.—We read in The Iron 
Trade Review, Cleveland, Ohio, that the United States 


consul at Barcelona reports that careful estimates place | P®¢ 


the quantity of unmined ore in Spain at 700,000,000 
tons, with an average content of 50 per cent. 





Royat InstiruTion.—The annual meeting of the 
members of the Royal Institution was held on Tuesday 
afternoon last, the Ist inst., the Duke of Northumber- 
land, K.G., president, in the chair. The annual report 
of the Committee of Visitors for the year 1916, testifying 
to the continued prosperity and efficient management of 
the Institution, was read and adopted. The report of 
the Davy Faraday Research Laboratory Committee was 
read, Twenty-three new members were elected in 1916. 
Sixty-two lectures and 19 evening discourses were 
delivered in 1916. The books and pamphlets presented 
amounted to about 316 volumes, making, with 540 
volumes (including periodicals bound) purchased by the 
managers, a total of 856 volumes added to the library 
in the year. Thanks were voted to the president, 
treasurer and secretary, to the Committees of Managers 
and Visitors, and to the professors, for their valuable 
services to the Institution during the t year. The 
following gentlemen were unanimously elected as officers 
for the ensuing year :—President: The Duke of North- 
umberland. reasurer: Sir James Crichton-Browne. 
Secretary: Colonel Edmond H. Hills. Ma Ts: 
Henry of Armstrong, Sir William Phipson Beale, rt. 
Charles Vernon Boys, J. H. Balfour Browne, John Y. 
Buchanan, W. A. B. Burdett-Coutts, Sir James Mackenzie 
Davidson, Donald W. C. Hood, the Right Hon. Viscount 
Iveagh, Sir Charles Nicholson, Bart., the Hon. Richard 
Clere Parsons, Sir James Reid, Bart., Alexander Siemens, 
Samuel West, the Right Hon. Lord Wrenbury. Visitors : 
Ernest Clarke, John F. Deacon, Edward Dent, Lieut.- 
Colonel Henry E. Gaulter, James Dundas Grant, W. B. 
Gibbs, W. A. T. Hallowes, Henry E. Jones, H. R. 
Kempe, Francis Legge, James Love, Richard Pearce, 
Sir Alexander Pedler, Hugh Munro Ross, Joseph Shaw. 





NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Much firmness continues 
to characterise Cleveland pig-iron. Home trade is very 
active, the liberal allocations for May to customers 
here and in Scotland, together with the greatly improved 
situation as regards truck supply, having opened out 
business considerably, and heavy deliveries during the 
month to home customers and purchasers north of the 
Tweed are regarded as assured. Some of the allocations 
are t running contracts, but allotments for new 
business are on a very good scale, and there seems every 


NOTES FROM THE SOUTH-WEST. 
_ Cardiff—In view of the position of the market, it 
is interesting to note that the outstanding feature of 
the South Wales coal export trade during April has 
been the rapid advance in prices in the last half of the 
month. In the first quarter of the present year the 
state of the market had been one of almost unbroken 
depression, and at the end of March quotations for 
current supplies had fallen to a level which was unre- 
munerative, while idle days were widespread throughout 
the coalfield. The chief cause of the depression, of 
course, was the shortage in the supply of tonnage. The 
first indication of a change in the state of the market 





probability of all legitimate demands being adequately 
dealt with. For home consumption No. 3, No. 4 foundry, 
and No. 4 forge all stand at 92s. 6d., and No, 1 is 96s. 6d. 
A moderate export trade is passing, but business is held 
up to no small extent by the heavy shipment arrears 
that have to be overtaken. Licences for shipment to 
France and Italy are not difficult to secure, but permits 
for export to neutral countries are unobtainable. For 
shipment to our Allies No. 3 is 102s, 6d.; No. 4 
foundry 101s. 6d.; No. 4 forge 100s. 6d.; and No. 1, 
1078. 6d. 


Stocks of Pig-Iron.—The stocks of pig-iron at makers’ 
yards are not known, but they are understood to be 
quite small. The quantity of Cleveland pig in the 
public warrant stores has been reduced to 1,997 tons, 
composed of 1,991 tons of No. 3 and 6 tons of other 
kinds of iron deliverable as standard. During April 
but two changes were recorded in the warrant store 
stock, 30 tons of standard iron having been taken out 
on the 7th and 120 tons of No. 3 having been withdrawn 
on the 30th. There are now warrants in circulation for 
only 1,750 tons, all No. 3 quality. 


Hematite Iron.—East Coast hematite iron continues 
in very good demand. With sellers more emphatic 
than ever in their claim that the situation fully justifies a 
substantial rise, hope is expressed that higher quotations 
will rule in the near future, but opinion still differs as to 
whether an advance will be sanctioned by the authorities. 
For Nos. 1, 2 and 3 recognised market rates remain at 
1228. 6d. for home use, 137s. 6d. for shipment to France, 
and 142s. 6d. for export to Italy. 

Shipments of Iron and Steel.—During April the ship- 
ments of pig-iron coastwise and foreign from the port 
of Middlesbrough amounted to 37,297 tons, as compared 
with. 57,513 tons for the previous month. Clearances 
of manufactured iron and steel last month reached 
20,230 tons, as compared with 33,715 tons in March. 
The total shipments of pig-iron, manufactured iron and 
steel for April are returned at 57,529 tons, as compared 
with 87,260 tons for March, 


Coke.—Values of descriptions of coke needed for the 
blast-furnaces are well upheld notwithstanding very 
ample supply, local requirements being very heavy. 
Thus average furnace qualities remain at the fixed 
maximum of 28s. at the ovens, and up to the limitation 
price of 308. 6d. at the ovens is still named for low- 
phosphorus sorts. 


Manufactured Iron and Steel_—The output of finished 
iron and steel is on a huge scale, and is still steadily 
increasing. Very heavy Government requirements are 
receiving satisfactory attention, and continued gratifying 

wth of production of material for mercantile ship- 
Building is reported. Quotations are strong. The 
following are among the principal market rates to home 
customers :—Common iron bars, 13/1. 158.; best bars, 
141. 28. 6d. ; double best bars, 141. 108. ; treble best bars, 
141. 17s. 6d.; iron ship plates, 131. 108. to 141. 10s. ; 
iron ship angles, 13/. 17s. 6d.; iron ship rivets, 171. 10s. 
to 181. 108.; packing iron and steel (parallel), 131. ; 
king iron and steel (tapered), 151. 5e.; steel bars 
(no test), 141. 108.; steel me 6 — lll. 108.; steel 
ship angles, 11U. 2s. 6d.; steel ship rivets, 191. to 20/1. ; 
steel boiler plates, 12/. 10s.; steel joists, 111. 28. 6d. ; 
steel strip, 171.; steel hoops, 17/. 108.; and heavy 
sections of steel rails, 101. 178. 6d. 





Brrtisx Syxs.—We read in the Journal of tbe Royal 
Society of Arts that the new British colour-manufacturing 
industry makes more progress than is popularly known. 
The output of coal-tar dyestuff increases regularly. In 
quality the British makes are better than ever, and 
impartial witnesses give their admiration spontaneously 
to the success attained in standardising successive lots. 
The variety is increasing, and the production of fair 
quantities of an entirely satisfactory sapphirol, a bright 
blue for wool dyeing is one event which can be noticed. 
The manufacture of fully half a dozen of the most 
complex and valuable colours has been mastered in a 
textile works, and one of these days the country will 
awaken to the discovery that surprising headway has 
been made under circumstances of the utmost difficulty. 





THE ASSOCIATION OF ENGINEERING AND SHIPBUILDING 
DravGHTsMEN.—A general meeting of the Leeds branch 
of this association was held on Saturday, April 2lst, 
at the Y.M.C.A., Albion Place, , when council 
representatives of the various firms in the district were 
elected to carry on the association for this branch. 
There were present about 120 members out of 150 com- 

rising the branch; the membership is increasing week 
GS week. Discussion on the future business of the 
i d, and Mr. L. Blair, the general gecre- 
tary, Glasgow, gave an account of the work done. 
Interesting accounts of the progress of the Manchester 
branch were also given. The total membership of the 
association is now about 8,000. The address of the hon. 
secretary of the Leeds branch is 16, Savile-place, Leeds. 


tion 





apparent towards the middle of the month, 
but at that time there was an enormous quantity of 
large and small coal standing on the sidings, and it 
was not until this had been worked off that the chan 

in the situation became reflected in the current market 
prices of coals. The improvement which set in was 
general. Fine weather, an increasing quantity of 
tonnage in the dock, and heavy Admiralty shipments 
combined to exhaust the market and free coals, with 
the result that bituminous coals profited to so marked 
an extent that Eastern Valleys, which had slumped 
to 22s, 6d., reached 27s. 6d., and other bituminous 
coals appreciated from about 20s. 6d. to over 278. By 
Wedn y of this week the supply of tonnage was 
perhaps larger than it has been for a considerable time 
past. The docks were then employed to their fullest 
capacity, and at Barry, Cardiff, and even at Newport 
ships are reported to waiting. The pressure is due 
almost entirely to Admiralty requirements, but even 
at limitation prices there has been very little business 
done. Current quotations are now ruling up to 268. 6d. 
for some qualities and up to 27s. 6d. for others. There 
is, fortunately, an abundant supply of pitwood just 
now. Iron ore imports are also Shows the average, 
but there has been no movement in prices. 


Newport.—Practically all the Western Valley classes 
are now ruling round about the limitation figures. 
Best Easterns have advanced to 28s. 6d., and other sorts 
up to 27s, 6d. 


Docksemen for the Army.—At the last meeting of the 
Chamber of Commerce it was decided to open a register 
of those principals who would be liable to be called up 
to the colours, and who would require assistance to 
carry on their business in their absence, and, on the 
other hand, the names of those who would be able to 
undertake to render such assistance. As yet it is too 
soon to anticipate how far the scheme will be a success 
but a few have already registered their names. 





CATALOGUES, 

Steam Raising.—Messrs. E. Bennis and Co. had a 
happy inspiration when they issued their new house 
organ under the title of “‘Cheap Steam.”’ It is an attrac- 
tive title, and the reading matter within is of the same 
standard. The journa! is naturally laid out to advocate 
Messrs. Bennis’s manufactures for the economical produc- 
tion of steam, but the descriptions are not of the fulsome 
character generally associated with this class of literature. 
They are written, rather, with the idea of securing the 
interest of engineers by giving really useful information. 
“Cheap steam,”’ however, does not confine itself to such 
subjects as mechanical stokers and coal-handling plants, 
but deals, also, with a wide variety of subjects of interest 
to power plant engineers. It is published monthly by 
Messrs. Bennis at 28, Victoria-street, London, 8.W. 


Traction Engines.— Messrs. Robey and Co., Limited, 
of Lincoln, have recently issued a new catalogue of 
traction engines, road rollers, &c., which is quite an 
artistic production. Messrs. Robey’s name is so well 
known, all over the world, in connection with all types 
of steam engine that it is unnecessary here to enla 
on the merits of their products, but it is noteworthy that 
they make special efforts to adapt their designs to meet 
the individual requirements of distant countries. The 
traction engines catalogued are of the single-cylinder and 
compound t of up to 10 nominal f. . The 
rollers are also — and compound, onl weigh from 
6 up to 16 tons. They can be converted into traction 
engines by changing the road wheels. For direct 
ay me a lighter t of tractor is supplied, and these 
) Pe with superheaters and feed-water heaters if 

esired, 


Motor Controllers.—A very extensive catalogue of 
electric controlling devices is being compiled by the 
Igranic Electric Co., Limited, of 147, Queen Victoria- 
street, London. The first section has just reached our 
hands, and this alone covers some 70 pages. It gives 
detailed particulars and prices of a great variety of 
controlling switches for direct and alternating current 
motors to meet the most diverse requirements. There 
are starters of the ordinary sliding-contact type, others 
with clapper contacts, slow-motion worm gears, multiple- 
lever starters for large motors, push-button controls 
for machine tools, controllers for reversing and varying 
the speed of gm motors, and a whole host of others, 
down to little resistances for regulating the speed of 
fan motors. The illustrations are easguly chosen 80 
as to give a good idea of the construction of the apparatus, 
while the particulars are explicit. 





New American Sarrsuirpinc Yarp.—The Fort 
Miffiin Shipbuilding Company, says The Iron Trade 
Review, Cleveland, Ohio, recently organised with a 
capital of 10,000,000 dols., has purchased 160 acres on 
the Delaware River, at Philadelphia, and will begin 





work at once on the erection of a shipyard, which it is 
said will be ultimately as large as any in the country. 
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SPONTANEOUS FRACTURE OF BRASS. 














Fie. 1. 


2}-In. Diameter Brass Bar wito Cracks DEVELOPED IN TRANSIT OVERSEAS. 


(HauF Size.) 























Fig. 2. Enp View or Bar. 


(Futx Size.) 


Fias. 3 AND 4. 
Sra-ConneECTIONS. 





WE reproduce above several photographs of exhibits 
made by Mr. J. T. Milton in connection with a paper 
which he read at the Institute of Marine Engineers on 
Tuesday last. They clearly -illustrate a remarkable 
example of the spontaneous fracture of brass due to 
cold work. Fig. 1 shows part of a round brass bar, 2} in. 
in diameter, so that the view is almost exactly half 
scale. The brass was specified to a tensile strength of 
30 tons and an elastic limit of 20 tons per square inch. 
The bars, manufactured in the ordinary way, were 
tested by Lloyd’s representative, and his initials can 
be seen on the end view (full size) of the bar, Fig. 2, 
the principal crack being right through the initials. 
The bars were despatched overseas, and on their arrival 
in this country 75 per cent. of them were found to have 
spontaneously cracked during transit. We admit that 
the one illustrated was the worst, and was chosen as 
the most effective example of this phenomenon. 

Other exhibits by Mr. Milton were parts of brass 
bolts used for fastening sea-connections in a large 
steamer. Here the bolts, which had been turned out 
of a cold-rolled or cold-drawn. bar, were found to have 
cracked spontaneously in their place on the ship. 
Figs. 3 and 4 are respectively a longitudinal and a cross 
section (double size) of a fractured bolt. These illus- 
trations show clearly that the cracks occurred both 
longitudinally and crossways. The bolts were subjected | 
to torsion tests, and the fractures under test showed | 
the effect of the longitudinal cracks, the metal tearing | 
away along these cracks, as is shown in the two test | 
pieces illustrated in Figs. 5 and 6. Mr. Milton had | 
the sections etched, and the va-ious crystalline grains | 
of the metal were revealed by the differences of the | 
orientation. It was then seen that the longitudinal | bringing about tension strains on the superficial 
cracks are separations of the crystals and the cross | layers and compression in the core. 
cracks fractures of the crystals. Mr. Milton expressed| Mr. Milton, in the course of his paper, which was on 
the view that such metal is absolutely dangerous for | “Brass and Other Copper Alloys used in Marine 
use, especially for the sea-connections of a ship. Engineering.” stated that although valuable properties 

It may be remembered that in the May lecture of | were given to these brass alloys by cold work, such as 
1914 at the Institute of Metals, Professor E. Heyn, | increase of strength and elastic limit, it must not be 
of Berlin, showed that internal strains are set up by | forgotten that the ductility was much reduced at the 
cold working affecting the metal near the surface | same time. When brass was subjected to much cold 
differently to that nearer the centre of the piece, and | work it was liable to spontaneous fracture. Cases were 
mentioned that cold rolling and cold hammering | not unknown of condenser tubes.spontaneously cracking 
produced tension strains in the core of the worked | longitudinally, and of cold-rolled brass rods being 
pieces, whereas cold drawing had the contrary effect, | found: split after being stored ‘for some time. Such 














Figs. 5 anp €. Test Preces or FRACTURED 
Bott For Suares. (Asout Fut Sie.) 


LONGITUDINAL AND Cross SECTION OF FrRactURED Bott ror Sure’s 


(DovBLE Size.) 


| occurrences were sometimes called “‘ season cracking.” 
| The cause was to some extent obscure, but the fact 
| that it occurred showed how unwise it would be to rely 
| on what might be termed an artificial strength produced 
| by cold rolling for articles in which a failure would 
| cause disaster. This was sometimes not sufficiently 
| realised by engineers, who thought they were securing 
|a better article by specifying stringent conditions of 

high tensile strength and high elastic limit which could 
| only be obtained by cold rolling. 








TrapE.—The whole of the heating and ventilating 
plant on the “Unit” principle for the new Vickers 
machine-gun shop described in our last issue was designed 

| and installed by the Brightside Foundry and Engineering 
| Company, Limited, of Sheffield, London, and Birming- 
| ham. 

| 


An APPRENTICES’ MAGAZINE.—It is characteristic of 
| the modern tendency in manufactures that there has just 
| been issued the first number of the M. and C. Apprentice 
Magazine, which is associated with the scheme of welfare 
}inaugurated by Messrs. Mavor and Coulson, engineers, 
Glasgow. The magazine is intended to encourag” 
|apprentices to continue that literary: work which has 
been begun at school, but is so often neglected in the 
early years of work, to the regret of the great majority 
of the negligent in after-life. We admit that the earnest 
}apprentice has not too much time for pursuing the 
| “liberal”? studies begun during the process of school 
education, and yet these are as essential! as the acquisition 
of technical knowledge, because the engineer who can 
express himself well, either orally or in written com- 
munications, is bound to help the profession, as well as 
to advance his own personal interests. From this point 
of view the stimulus of a magazine devoted entirely to 
apprentices in any factory is certain to be helpful. This, 
of course, is altogether apart from the value of such a 
medium for encouraging the apprentice in his more 
immediate technical Satin, and we hope that this, as 
well as all other corresponding apprentice magazines, 
will pay due regard to this side of the function of such a 
ublication. It is perhaps inevitable that there should 
much of flippancy incorporated into the pages, but 
we hope that the grave, as well as the gay, will be dis- 
criminately blended. We commend the smartness of the 
illustrations in this publication, and wish it every possible 
success. 
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PLATE XL. 





MACHINE SHOP AT THE LONDON AND NORTH-WESTERN 
RAILWAY WORKS, CREWE. 


(For Description, see Page 417.) 








Fig.105. 
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Notr.—The machines are 
arranged in groups and 
electrically driven. The 
motor for each group 
has a distinctive letter, Fig .106a. 
and all machines driven 
by it are marked with 
the same letter. All 
other machines are 
driven by _ separate 
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THE DETERIORATION OF TURBINE BLADING. 


(For Description, see Page 419.) 


Brass. Maanirrep 60 Times. Atumintum Bronze. Maaniriep 60 Truss. “H” Steet. Macnirrep 100 Tres. 


Composrt1on :—Cu 72.50, Fe 0.01, Zn 27.48, Composition :—Cu 89.00, Fe 2.5, Al 8.5, Composition :—C 0.350, P 0.030, S 0.040, 
Pb Trace ; Specific Gravity 8.58. Specific Gravity 7.73. Si 0.200, Mn 0.5, Fe 98.880. 


Fie. 14. 
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NOTICES OF MEETINGS. 
Tue Royal SaniTary InsTITUTE.—Tuesday, May 8, at 5 p.m., 





(at 90, Buckingham Palace Road. A discussion will take place on 


‘* Collection and Disposal of House Refuse,” to be opened by Mr. 


CO. H. Cooper, M.Inst.C.E., Borough Engineer, Wimbledon. 


Tue Roya Society oF ARTs.—Monday, May 7, at 4.30 = 
Howard Lectures.—“The National Shortage of Iron Ore Sup- 
plies,” by Professor W. G. Fearnsides, M.A., F.G.S., University 
of Sheffield. Lecture II, “ Overseas Iron-Felds which supply 
the British Market.” Tuesday, May 8, at 4.30p.m. Colonial 

tion.—‘‘ The Problems of French) North Africa,”’ by Captain 


Sec 
| Phili Millet, Colonial Editor of Le Temps. The Right Hon. 


lyth,; Vice-President of the Society, will preside. Wed- 


}nesday, May 9, at 4.30 p.m. Ordinary meeting.—‘t Works 
Organis Willtam 


jon and Efficiency,” by Professor Ripper, 
D. +» D.Se., Vice-Chancellor of the University of Sheffield. 
Dr. nou Clerk, D.Sc., F.R.S., Chairman of the Council, will 
preside. 


THE SOCIETY OF ENGINEERS.—Monday, May 7, at 5.30 p.m., 
in the a ments of the Geological Society, Burlington House, 


, Piccadil % Si A paper entitled ‘‘The Goods Clearing House 
xp! 


med” will be read by Lord Headley, F.S.E., 


Sp eey 
-M.Inst.C.E., Ireland, Member of Council. 


THE INSTITUTION OF AUTOMOBILE ENGINEERS.—Wednesday, 
May 9, at 8 p.m., at the Royal Society of Arts, John Street, 
Adelphi, W.C., when Mr. A. W. Reeves will read a paper entitled 
“Works Organisation.” 

THe Royal InstiTuTion oF GREaT BRritTaIn.—Friday, May 11, 
at 5.30 p.m. A discourse will be delivered by Professor John 
Joly, M.A., D.Sc., F.R.S. The subject is ‘* Radioactive Haloes.” 
Afternoon lectures next week at 3p.m. Tuesday, May 8. Pro- 
fessor C. 8. Sherrington, M.D., LL.D., F.R.S., Fullerian Pro- 


, fessor of Physiology, Royal Institution, on ‘‘ Rhythmic Action 


in Muscle and in Nerve” (Lecture II). Thursday, May 10. 
Professor Gilbert Murray, M.A., LL.D., Litt.D., Regius Professor 
of Greek, University of Uxford, on “* n Religion at the Time 
of the —— of Christianity—Dea ma, the Mystery of 
Religions, Philosophy, Conclusion” (Lecture II). Tetestey, 
May 12. Professor Sir J, J. Thomson, O.M., LL.D., D.Sc., 
Pres.R.S., Professor of Natural Philosophy, Royal Institution, 
on ‘The Electrical Properties of Gases” (Lecture I1). 
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agent or bookstall clerk. Owing te the scarcity of 
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for a chance demand for this Journal. 


NOTICE. 


Owing to the recent Government restrictions, 
and to the enormous increase in the price of 
paper occasioned thereby, the Proprietors of 
“ENGINEERING”. are compelled to advance the 
price of this Journal from 6d. to 8d. per copy. This 
increase dated from and incluaéd the issue of 
Friday, March 16. The change will not apply to 
unexpired subscriptions. 
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ROAD DEVELOPMENT IN THE FUTURE. 


As is well known, the revenue of the Road Board 
is now reduced simply to the dividends paid on 
their accumulated funds, the share of the petrol 
dues and carriage taxes received by them in pre- 
war times being now retained by the Treasury. 
In 1915 this share amounted to some 1,600,000/., 
which is more than ten times as much as the income 
now received from dividends. It is generally recog- 
nised that, were the funds available, an adequate 
reconstruction of our highways would probably 
prove a profitable investment for the nation, but 
many are inclined to doubt whether it will be 
practicable for long after the war to finance the 
Road Board on anything approaching the  pre- 
war scale. Even that was admittedly far from 


‘|adequate to the actual requirements. A large 


proportion: of our highway mileage has never had 
proper foundations, and under modern conditions, 
in which heavy loads are moved over the roads 
at relatively high speeds, the total break up of 
the crust is extremely rapid and maintenance costs 
very high. One of the great difficulties of this 
question of road maintenance is to be found in the 
fact that the through traffic between our great 
towns confers no benefit on the rural districts 
responsible for road maintenance. This. trouble is 
is no sense a new one. The incredibly bad condi- 
tion of our highways during the eighteenth century 
was mainly conditioned by the fact that each 
parish had to maintain with statute labour its own 
roads. With the great development of wheeled 
traffic during that period the burden on the rural 
districts became unbearable, and the toll-gate 
system embodied an attempt to deal with this 
difficulty.. For long at any rate the results were 








unsatisfactory, mainly, perhaps, from the failure 
of the authorities to recognise the need for skilled 
engineering advice. The result was that real road 
improvements in this country do not date back for 
much more than a century. With the advent of 
the railway, traffic almost disappeared from our 
highways, and as the burden of maintenance was 
correspondingly reduced the impulse to: make the 
traffic pay directly for the damage done by. it 
became less pressing, and opposition to the abolition 
of the toll-gates almost disappeared. 

The development of motor traction has revived 
in an intensified form the problems of 100 years ago. 
It was, we believe, Bob Acres who drove to Bath 
with a trail of dust behind him “as long as the 
Mall,” and the impassioned protests against the 
dust raised by the modern motor car have been 
stifled rather than extinguished by the nation’s 
present absorption in matters both more weighty 
and more pressing. The dust problem is, how- 
ever, superficial in every sense of ‘the word. A 
much more serious matter is the rapid and com- 
plete destruction of the road crusts of all roads 
not perfectly built and maintained. No doubt 
there are places in which the local surveyor has 
yet to learn the value of the proverbial stitch in 
time. Some, indeed, seem to be’ possessed of a 
soul above the execution of small repairs, and 
certainly if these be neglected they have nowadays 
but short time to wait for a repair job of truly 
impressive proportions. At the best, however, 
only the best roads can carry modern traffic without 
extremely heavy maintenance costs, which fall 
hardly on rural districts, in which already the 
expenditure per head per annum on road construc- 
tion and maintenance is higher than in busy towns 
in spite of the costly character of modern street. 
pavements. 

Whatever the income that the Road Board may 
manage to retain on the re-establishment of peace, 
it will certainly be insufficient to provide for more 
than aid towards the reconstruction of the more 
heavily travelled highways, and there will be no 
surplus: available for the construction of new 
arterial roads. An ingenious scheme for financing 
these highly desirable developments is advanced in a 
paper by Mr. W. Rees Jeffreys, recently read before 
the Town Planning Institute. His proposal is to re- 
duce costs by making use of the Town Planning Acts, 
under which the difficulties of acquiring land for 
road-making are greatly diminished, whilst, more- 
over, some proportion of the money expended on 
the new highway is recoverable by applying the 
principle of betterment to the adjacent land. As 
he points out in his paper, something has already 
been done in this connection. Of a total of some 
16} miles of new and improved roadways provided 
for in the Birmingham Town Planning schemes, 
about 11 miles will be important approach or radial 
roads. Throughout, the knowledge that they were 
liable to be charged with betterment has greatly 
facilitated negotiations with the landowners con- 
cerned. Procedure under the Town Planning Act 
has, moreover, another advantage of very great 
practical value. Hitherto, when any public 
authority proposed new roads or streets, they 
had to assume the onus of discovering the true 
owners of the properties affected. Under the 
Town Planning Act, unless interested parties make 
application for compensation before a date named 
in the order, their claim automatically lapses. 

Birmingham occupies, of course, a somewhat 
exceptional position, few public authorities having 
under their control so large an area of undeveloped 
land. Mr. Jeffreys, however, shows that the Act 
can be, and to some extent is being, applied to the 
construction of new roadways in more rural districta, 
This is possible because the Local Government 
Board is by no means enamoured of the idea favoured 
by architects and faddists that every town-planning 
scheme submitted for approval is to be filled in 
complete in all its details. Quite rightly the Board 
take the view that complex regulations as to ques- 
tions of taste and detail may be left for future 
settlement in the light of further experience, and 
that the scheme at the outset need do little more 
than settle questions as to road arteries, open 
spaces, and the number of houses to be permitted 





per acre. As a consequence a considerable amount, 
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of arterial road construction will be practicable, 
Mr. Rees Jeffreys states, under the Ruislip-North- 
wood town-planning scheme. Some 35 miles of 
new streets and roads are provided for, of which 
7 miles are through communication roads, 11 miles 
new roads connecting up existing highways belong- 
ing to adjoining authorities, and the remainder are 
local roads. The order provides that betterment 
shall only be recoverable from the lands benefited 
when these become rateable as lands used for other 
than agricultural purposes. Till this epoch arrives 
the local authority will have to pay the whole of 
the interest charges on the capital expended, and it 
will, moreover, not be able to recover any portion 
of these charges from the property owners at a 
subsequent date. The local authority is thus pro- 
posing to construct 6 miles of streets in advance 
of building development, but at the outset these 
will be of a light character, the metalled portion 
being only 12 ft. wide and the cost not more than 
1,000/. per mile. 

Other town-planning orders so far issued provide 
for little in the way of arterial roads, largely because 
each authority controls in general but a small area, 
whilst roads of the type in question must usually 
pass through areas under the control of several 
authorities. Mr. Jeffreys suggests that it would 
be a vast improvement if large industrial centres 
were made responsible for the development of the 
adjacent suburban and agricultural areas within 
a radius of 10 miles. 

Mr. Jeffreys has also studied the question as to 
how far the Town Planning Act might be utilised 
for facilitating the construction of such proposed 
undertakings as the North Circular Road round 
London from Kew Bridge to Woolwich Ferry. 
His conclusion is that the project is feasible, pro- 
vided that assistance is forthcoming for special 
works at particular points. Thus in the Greenwood 
urban district a bridge over the Grand Junction 
Canal and tunnels under the London and North- 
Western Railway tracks would be necessary, whilst 
at Chingford bridges would be required over the Lea, 
the Coppermill stream, and the aqueduct. Both 
the local authorities concerned are relatively small 
and poor, with little or no interest in the proposed 
road, 

Another difficulty he foresees lies in the fact that 
the county boroughs, who would benefit by new 
arterial roads, contribute nothing to road main- 
tenance outside of their respective areas. If new 
arterial roads are made certain communities now 
contributing to the county rates will be benefited 
and probably increase largely in population. This 
will lead to a demand that they shall become county 
boroughs, and the County Council will accordingly 
be likely to lose their largest rate contributors, and 
with their resources thus reduced have to maintain 
the very roads that may have been responsible 
for the growth of the seceding borough. Hence, 
whilst it is, he concludes, quite possible to utilise 
the Town Planning Act for arterial road develop- 
ment, there still remain serious difficulties in the 
absence of any inducement for the coming forward 
of the right kind of man to control and carry out 
such schemes, in the divided interests of adjoining 
authorities, and in the inequity of the present 
system of financing special works of more than 
merely local interest. This last difficulty may, he 
suggests, be abrogated by Treasury grants, since 
but a relatively small sum would be required if the 
bulk of the road work was carried out under Town 
Planning Powers. 





OSMOTIC PRESSURE. 

THE three papers that were brought before the 
Baraday Society last Tuesday as contributions to a 
General Discussion on Osmotic Pressure approached 
the problems from three different standpoints. 
Professor A. W. Porter, F.R.S., of University 
College, London, finds the explanation of the 
phenomena in the kinetic theory and accentuates 
the influence of the solute, the dissolved substance ; 
Mr. W. R. Bousfield, K.C., F.R.S., attributes the 
main function to the solvent, which in most of the 
cases considered is water; Dr. Frank Tinker, of 
Birmingham, sees the most important factor in the 
semi-permeable membrane which separates solution 
and solvent. No doubt all these factors are con- 





cerned, and all scientists would welcome a real 
explanation of the phenomena, which are bio- 
logically of the highest importance and of great 
interest mechanically and physically, inasmuch as 
an understanding of these problems would help to 
bridge the gulf between living and dead matter. 
The discussion confined itself to the physical side 
and theory. Commenting on the three standpoints 
indicated, Sir Oliver J. Lodge, who presided, pointed 
out that the water, not the solute, was the thing 
which evaporated from a hot aqueous solution and 
which froze in the cold, which penetrated the 
membrane, and which yet was kept within the skin 
of delicate fruits exposed to the tropical sun. 
Vapour pressure, depression of freezing-point and 
osmotic pressure were all closely related. 

By osmotic pressure Professor Porter, who opened 
the discussion, understands the equilibrium difference 
of pressure between a solution (say, of sugar) and 
the pure solvent (water) when separated by a 
membrane which is permeable only to the solvent, 
the being greater in the solution than in 
the solvent. Since the Faraday Society discussed the 
problem in 1907, he said, progress had been made 
in theory and experiment. The study of the 
Brownian movements had shown that there was a 
kinetic theory of liquids as there was of gases, and 
the kinetic theory of osmotic pressure had been 
put on a safer footing. All gases deviated from the 
laws for perfect gases, but nobody condemned the 
kinetic theory for that reason ; the small particles 
suspended in a liquid behaved like gas particles, the 
dissolved particles should behave similarly, and it 
was not fatal to the kinetic theory of osmotic 
pressure that it strictly applied only to diluted 
solutions. The problem of the membrane was 
important, but subsidiary. Provided the membrane 
were really semi-permeable—and such membranes 
had been made—the osmotic pressure really 
depended upon solute and solvent, but not on the 
nature of the membrane, the canals of which should, 
of course, be small compared with the range of mole- 
cular forces. There was only one theory on which 
the osmotic pressure could be calculated, and that 
was the kinetic gas theory. There were complica- 
tions, no doubt ; but the true characteristic equation 
was not yet known for a single liquid, and the 
problems of binary mixtures were much harder. 

Passing to the complications and to the inter- 


.| pretation of the experiments mainly carried on by 


H. N. Morse and Frazer and their collaborators in 
Baltimore (sugar solutions of all concentrations 
between 0 and 80 deg. C.) and by Berkeley and 
Hartley over here, Professor Porter said that he found 
that the formula of Hirn (1865): P(v — 6) = RT, 
applied best where 6 did not differ much from 
the volume of sugar present. It did differ, however, 
and that was apparently due to the hydration of the 
sugar, the association of one sugar molecule with 
several water molecules, 5.3 on average. Such 
associations between substance and solvent are, of 
course, assumed for many reasons; Professor 
Porter considered that the layer of water round the 
sugar molecule was in kinetic equilibrium, con- 
tinually breaking up and forming again ; the hydra- 
tion number hence had a statistical value. The 
experiments indicated that the hydration number 
was very high at low temperatures and low con- 
centration, being 53 for Morse’s decinormal solutions 
at 0 deg. C., but decreased as temperature and 
concentration rose, to 3 and possibly less. At high 
hydration the radii of the sugar sphere and the 
20 or 30 water spheres around it in a single layer 
would yet be only as 6:2.6. Professor Porter 
finally stated that the recent researches of Mr. 
Orson Wood and himself showed that the osmotic 
pressure could also be calculated from the latent 
heat of dilution. 

Dr. Tinker, speaking next, remarked that recent 
thermodynamical speculations suggested that the 
osmotic pressure was a complex function of vapour 
pressure, compressibility, specific volume and other 
diverse factors—the objection to be raised is, 
of course, that thermodynamics cannot explain the 
modus operandi—whilst the kinetic side of the subject 
had almost remained stationary. The common 
membrane of copper-ferrocyanide type was built 
up of colloidal particles varying from 50 to 400 pp 
in diameter; the pores were from 10 to. 20 pp. 





Crystalloidal molecules would be able to pass through 
those pores, but they would be under the influence 
of surface phenomena. Those membranes seemed 
to exert a selective adsorption ; the copper-ferro- 
cyanide film, e.g., adsorbed water rather than 
sugar from the aqueous solution and more water 
from pure water than from sugar solution, and was 
hence permeable to water, which flowed inward 
to the sugar solution. The vapour pressure above 
a pure solvent was, as a rule, greater than the 
pressure above the solution, and osmotic flow and 
vapour distillation were essentially similar, both 
being diffusion phenomena, though not identical. 
The water concentration in the membrane pores 
was very high, 20,000 times as great as the con- 
centration of water vapour proper. In some 
respects the membrane might be likened to a vacuum. 
Other membranes had quite different selective 
actions ; thus the inner skin of the barley seed was 
permeable to phenols, fatty acids and amines which 
gave low surface tensions, but not to sugar and 
many inorganic salts which gave high surface 
tensions (Adrian Brown and Tinker). The direction 
of osmotic flow was from the solution which gene- 
rated the greater vapour pressure ; and Dr. Tinker 
would define osmotic pressure as that hydrostatic 
pressure which, when applied to the solution, raised 
the vapour pressure of the latter up to that of the 
pure solvent. Abnormalities in vapour pressure 
explained most of the abnormalities in osmotic 
pressure. Dr. Tinker further dwelt on some new 
experiments and deductions of his not contained 
in his printed paper. We will at once mention 
here a critical remark to which the Earl of Berkeley, 
F.R.S., subsequently limited himself owing to the 
lateness of the hour. When solid potassium 
dichromate at the bottom of a cylinder and con- 
centrated sulphuric acid above it were brought in 
contact, the red chromic acid liberated diffused into 
the sulphuric acid, although neither substance had 
any vapour pressure. With respect to his own 
method, Lord Berkeley stated that it admitted an 
accuracy of 1 in 800; Dr. Porter hoped to attain that 
accuracy by his latent heat method. As regards 
the views of Professor Porter and Dr. Tinker, 
we would further refer our readers to our report 
on the British Association meeting at Newcastle.* 
Mr. Bousfield would not attempt to give a résumé 
of his rather long paper, as no time would be left 
for the discussion, and he put questions. What he 
has been suggesting with Dr. T. M. Lowry since 
1905 is a ternary mixture containing hydrol or 
steam molecules H,O, dihydrol (H,O),, and tri- 
hydrol or ice molecules (H,O),, the dihydrol being 
the main constituent, trihydrol predominating at 
low, and hydrol at high temperatures. When sugar 
or some other substance was introduced into water, 
he stated in his paper, the dihydrol proportion in- 
creased ; hence vapour pressure and freezing-point 
were both lowered. When a solution was in 
osmotic equilibrium with the pure solvent through 
a semi-permeable membrane, the vapour pressures 
of the solution and the solvent were the same. 
To produce this equilibrium the solution must be 
under sufficient liquid pressure to raise its vapour 
pressure to the required equality. The general 
relation between liquid pressure and vapour pressure 
was V d P = vd p, where the capitals concerned the 
liquid and the small letters the vapour. V was not 
the specific volume of the pure water, however, 
but that of the water as it existed in the solution. 
The solute combined with some of the water, and 
in so doing eliminated some of the trihydrol and 
hydrol, and thus changed the water itself. The 
further deductions led Mr. Bousfield to the equa- 
tions: P/R’T = 8 p/p = 4/F’=iffh—n), where 
R’ = 1000 R/e, F’ = 1000 F/e, R and F being the gas 
constant and freezing-point constant, e the molecular 
weight of steam (18.016), P the osmotic pressure, p 
the vapour pressure of water, 3 p the lowering of the 
water pressure by the solute, A the freezing-point de- 
pression, i= 1 + a (where a was the ionisation), 
hthe number of water molecules (counted as H,0), ” 
the number of combined water molecules per mole- 
cule of solute, and h—n the number of pure water 
molecules per molecule of solute. A — 
pressure depended upon the activity of the steam 
molecules. FThese siaan, Mr. Bousfield said, 





* See ENGINEERING, October 13, 1916, page 347. 
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held for electrolytes—he gave tables for lithium 
chlorides—as well as for non-electrolytes, and for 
dilute and concentrated solutions. 

Dr. S. A. Shorter remarked that Mr. Bousfield’s 
equations were simply verifications of thermo- 
dynamic laws, and it did not matter what shape 
Mr. Bousfield gave to the last ratio containing the 
n; Sir Oliver Lodge and Mr. Dampier Whetham, 
F.R.S., of Cambridge, also had doubts about the 
independent determination of the n. But Dr. 
Shorter went further; he did not agree with any 
of the speakers, having his own theory about sur- 
face layers, vapour pressure, miscibility of liquids, 
&c., in which molecular forces played a prominent 

Professor J. C. Philip, of the Imperial 
College of Science, said that Dr. Tinker had dwelt 
on the sizes of the pores in the membranes, but did 
not depend upon those pores after all; for the 
pores were big enough to allow large colloidal 
particles to pass, yet the pores were supposed to 
stop sugar. The work of Bechhold showed, how- 
ever, that the size of the pores came in sometimes. 
As regards hydration, Dr. Philip had in recent 
experiments on the partition coefficients of ethyl 
acetate, phenol, &c., between benzene and aqueous 
sugar solutions found hydration numbers of 11 
for dilute and 6.5 for concentrated solution ; these 
values were higher than his former values, and he 
had observed considerably higher hydrations in 
other cases. Dr. G. Senter agreed on the whole 
with Dr. Porter, though the very large decrease in 
the hydration attributed in one of Pcrter’s tables 
to small differences on the concentration looked 
improbable. Mr. Whetham also agreed with Dr. 
Porter, as the kinetic theory was the only one which 
allowed of calculations, though he himself would 
like to substitute some chemical theory for it. 

In closing the discussion after Professor Porter 
had briefly replied, Sir Oliver Lodge, referring to 
one of Mr. Bousfield’s remarks, drew attention to the 
enormous internal pressures or cohesive forces 
within a liquid. When he tried to put the problem 
tersely the discussion threatened to become lively 
again, although the clock hand was approaching 11. 
Sir Oliver suggested: Take a trough full of water, 
put a. semi-permeable partition half-way across it ; 
that membrane will not harm the water; now add 
sugar to the one compartment. The sugar goes 
in like a gas into a vacuum, and the osmotic pres- 
sure is the increase of pressure due to the sugar, the 
water pressures.on both sides of the membrane 
remaining thesame. Was that broadly acceptable ? 
The objections are, of course, that the sugar takes 
up part of the volume, and that there is dissolu- 
tion, accompanied by contraction or dilatation, heat 
changes, and other changes. The suggestion well 
illustrated the complexity of the problem. 





NOTES. 
STANDARDISATION. 

Last Wednesday evening the twenty-fifth James 
Forrest lecture was delivered before the Institution 
of Civil Engineers by Sir John Wolfe Barry, K.C.B., 
F.R.S. The subject was “ The Standardisation of 
Engineering Materials and its Influence on the 
Prosperity of Country,” and there was a very full 
meeting. We need not refer to the details of the 
lecture, as we reproduce it on another page of this 
issue. It was fortunate in its occasion, for the 
present is a time of flux, and the engineering industry, 
like all others, is now more receptive of new ideas 
and practices than it has ever been. The labours 
of the Standards Committee have already borne 
abundant fruit, but we may look for still greater 
results in the future. Competition such as we 
have never experienced lies before us, and we shall 
need every assistance in fighting it. Contrary to 
our custom we have led, and not followed, in the 
matter of standardisation, and to that extent we 
are in a position of superiority to our rivals. This 
advantage may be credited almost wholly to 
Sir John Wolfe Barry. It is due to his great fore- 
sight and commanding personality that the 
Standards Committee was instituted, and it is 
difficult to believe that without him the movement 
could have been carried through and kept alive 
in the face of all the opposition—active and passive 
—which it evoked. Further, his energy and 





unfailing tact have been great factors in maintain- 


ing its efficiency and harmonious working. Under 
his chairmanship the best ability in the engineer- 
ing profession and industry has been freely given 
without reward to the very difficult task of recon- 
ciling divergent interests and to selecting out of a 
multitude of competing designs the best features of 
each. A glance at the table on page 432 will show 
over what a wide field the movement extends and 
how vast and miscellaneous is the knowledge 
required to deal with such a variety of subjects. 
It clearly shows that engineers are capable of 
combined and corporate action, and that, when the 
need is shown, they can abandon the individualistic 
attitude which ~generally marks their business 
proceedings. Now that the value of conjoint action 
has been demonstrated so splendidly we hope that 
there will be less difficulty in securing it in other 
fields, as was insisted upon by Mr. Michael Long- 
ridge in. his recent presidential address before the 
Institution of Mechanical Engineers. 


ALLOYS PRODUCED BY PRESSURE. 


In a lecture reprinted in a recent issue of the 
Journal of the Franklin Institute, Dr. J. Johnston, 
of the Carnegie Institution, Washington, throws 
doubt upon Spring’s claim to the production - of 
chemical compounds and alloys by the application 
of pressure. A distinction must, Dr.Johnston ob- 
serves, be drawn between a uniform pressure, such 
as exists in the body of a liquid, and a non-uniform 
pressure, such as, to take an extreme case, is 
represented by an ordinary compression test. With 
uniform pressures there is no tendency to alter the 
shape of any solid experimented with, but the shears 
which accompany a lack of uniformity deform the 
specimen under test. The effect of stresses of this 
kind on a crystalline aggregate outweigh, he says, 
those produced by a uniform pressure. This will, 
he observes, be readily understood if we identify, in 
accordance with the views advanced by English 
metallurgists, a deformation under stress with a 
real partial local temporary melting of the material. 
Spring asserted that by pure pressure he could 
produce chemical compounds and alloys. His plan 
was to consolidate the constituents by squeezing 
them and to file up the resultant block. This 
process was repeated two or three times. Under 
such conditions there was no question but that a 
small amount of the compound sought was formed 
at the surfaces of contact. This, however, in Dr. 
Johnston’s view, is to be attributed not to the 
pressure itself, but rather to the grinding to which 
the materials were subjected. The alloys formed 
by pure pressure have been proved, he says, to be 
merely agglomerates. A uniform pressure can, in 
short, favour the formation of but one group of 
alloys, namely, those of two metals capable of 
forming solid solutions with each other. This it 
does by bringing the two into good contact. The 
process in such conditions goes on very slowly by 
the diffusion of each metal through the other. In 
this way only can pressure assist in the formation of 
alloys. In other respects its influence tends to be 
inhibitory, since pressure raises the melting-points 
of all metals, bismuth alone excepted. Whilst 
pressure is thus ineffective a grinding process may, 
Dr. Johnson states, give rise to effects of the 
character under discussion. 





Naturat Gas as Borter Fuet.—The outbreak some 
years ago of a tremendous gas jet at Neuengamme, near 
Hamburg, caused atemporary stir. We were under the 
impression that the gas had exhausted itself. But we 
find that the gas has been caught and, being mainly 
methane and not suitable for being mixed with illu- 
minating gas in percentages exceeding 15 per cent, has 
been used as fuel in the Hamburg waterworks at Rothen- 
burgort ; 24 of the boilers there are fired with the gas, 
which is introduced under a head of from 10 to 40 em. 
of water. The gas supply being unreliable, the grates were 
not interfered with, so that, in emergency cases, a return 
to coal fuel could be quickly effected. To check the 
air supply through the grate, the grate is kept covered 
with a layerof slag. Inthe three years, August, 1913, to 
August, 1916, the pumping works used 18.8 million cubic 
metres of this gas, the gas consumption being 0.66 
cub. m. per horse-power hour, and 15.2 cub. m. of gas 
for raising 100 cub. m. of water to a height of 53 m. 
It is estimated that the use of the gas saved 22,400 tons 
of coal. In Torda, in Hungary, natural gas was ee 
as domestic fuel last autumn, after having been utilised 
in four factories, the municipality and the natural gas 
company having entered into a contract, the company 
to supply the apparatus and connections. 
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THE IRON AND STEEL INSTITUTE. 

Tue forty-eighth annual general meeting of the 
Iron and Steel Institute is being held this week at 
the Institution of Civil Engineers, by. kind permission 
of the latter society, the president, Sir William 
Beardmore, occupying the chair. The meeting 
commenced on the morning of Thursday, and is 
being continued to-day. A list of eight papers hed 
been prepared for reading and discussion. 


Tue REPORT OF THE COUNCIL. 


After the minutes of the last meeting had been 
taken as read, the secretary, Mr. J. C. Lloyd, read 
the report of the council. From this it appeared 
that the total number of members on the roll of 
the Institute was 1,872 at the end of last year. 
The council had had occasion to offer their con- 
gratulations to several members who had received 
war appointments or who otherwise had honours 
conferred upon them. The Duke of Devonshire, 
K.G., past president, had been appointed Governor- 
General and Commander-in-Chief of the Dominion 
of Canada. Lieut.-Colonel Maurice L. Bell had 
been created a Companion of the Order of St. 
Michael and St. George, and Sir George T. Beilby, 
F.R.S., had received the honour of a knighthood. 
The Order of the Companion of the Bath had been 
conferred upon Captain Riall Sankey, and on 
Colonel N. T. Belaiew of the Imperial Russian 
Artillery. Colonel W. F. Cheesewright and Major 
M. G. Christie had both been honoured withthe 
D.S.O., and Lieutenant Lucien Arbel (lieutenant 
of artillery in the French Army) had received the 
“Croix de Guerre avec Palme” for distinguished 
conduct in the field. In addition to the above, 
upwards of one hundred members now held appoint- 
ments under the Minister of Munitions. The list 
of the members on active service with the Forces 
of the Allied countries was given at the end of the 
re . This contained the names of 123 members, 
of whom six had been killed or had died whilst in 
the service, and one was a prisoner of war in Germany. 
Two members of the Institute’s staff were also serving 
in the army. The accounts showed that the total 
receipts of the Institute for the past year, excluding 
the income of the Carnegie Research Fund, were 
4,7671., and the expenditure 4,2081. The receipts 
of the said fund were 898/., and the expenditure 5751. 





TECHNICAL COMMITTEES. 

The question of the more efficient organisation 
of the work of the Institute had been under the 
careful consideration of the council during the past 
year, and it had been thought that the effective 
co-operation of the members in the work of the 
Institute might be increased by the appointment 
of a certain number of technical committees to 
advise as to subjects of practical interest to the 
iron and steel industries on which the council. ean 
organise discussions at general meetings, or which 
may require investigation and research. Five such 
committees had been formed, as follow :—{1) Ores, 
fuel and refractories, with eight members ; (2) Blast- 
furnaces, with 15 members; (3) Steel and its 
mechanical treatment and ferro-alloys, with 20 
members; (4) Iron and steel foundry practice, 
with 10 members; . (5) Metallography, chemistry 
and physics, with 21 members. As far as we can 
see the only foreign members on these committees 
are Mr. Cohade, of Messrs. Schneider's Creusot 
Steel Works, on committee No. 3, and Dr. H. M. 
Howe, on committee No. 5. Four of these com- 
mittees had held a first meeting since the beginning 
of the present year, and plans were in progress for 
arranging suitable programmes for future general 
meetings. 

FoRMATION OF A CLAss OF ASSOCIATES. 


By resolution of council a new class of members, 
to be known as associates, had been formed. The 
following were the conditions under which candi- 
dates could be admitted as associates. The age of 
candidates shall not exceed 24 years, and they must 
have one or other of the following qualifications :— 
(a) Students of metallurgy taking courses at a 
university, university college, or technical school ; 
(6) pupils or apprentices to metallurgists or 
engineers, or in metallurgical or engineering works ; 


(c) persons employed in some practical. or scientific 
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capacity in metallurgical or engi works. 
The report stated the further conditions which 
governed the admission of associates. 


CO-OPERATION WITH KINDRED INSTITUTES. 

The council had also had in mind the possibility 
of establishing a closer relationship between the 
several institutes in the country whose work was 
chiefly concerned with the advancement of the 
technology of iron and steel. With this purpose in 
view an invitation had been extended to the 
presidents of the following institutes and societies 
to attend during their term of office meetings of the 
council of the Iron and Steel Institute, and to take 
part in its deliberations :—The Cleveland Institu- 
tion of Engineers, the Sheffield Society of Engineers 
‘and Metallurgists, the Staffordshire Iron and Steel 
Institute, the West of Scotland Iron and Steel 
Institute. By this means a link between the several 
institutes had been formed, and an opportunity was 
afforded for the consideration of any suggestions 
that might be conducive to the advantage of all or 
any of them. 


APPOINTMENT OF CORRESPONDING MEMBERS IN 
British DoMINIONs. 


In those British Dominions where a membership 
already existed the council had decided to appoint 
one member to be “ corresponding member ” for the 
Institute, whose duties will consist in advising the 
council of any arrangements which it might be to the 
advantage of the members living within his district 
to make, and in furthering the interests of the 
Institute in any way that might seem desirable. The 
following had already kindly consented to act as 
‘corresponding members in the Dominions named :— 
Dr. Andrew McWilliam, for India; Mr. J. P. 
Frankie, for the Commonwealth of Australia ; Dr. 
J. H. Plummer, for Canada. 


PROPOSAL FOR NEW ACCOMMODATION OF THE 
INSTITUTE. 


Plans were under discussion, the report further 
stated, for the accommodation of the Institute, 
jointly with several other scientific and technical 
institutions, in one building, with a common meeting 
room, library and reading room. The Institutions 
of Mining and Metallurgy, and Mining Engineers, 
and the Institute of Metals had been approached, 
and the question of co-operating in securing joint 
accommodation with these institutions was under 
consideration. 


EpvucaTIoN REFORM. 


In March, 1916, a movement was set on foot by 
Sir E. Ray Lankester with the object of reforming 
the Civil Service examinations by making some 
branch of natural science a compulsory subject. 
Sir Hugh Bell, having been consulted by Sir Ray 
Lankester as to the best method of organising the 
support of the leading industries of the country, 
advised him to enlist the co-operation of the principal 
scientific and technical institutions, and at Sir Hugh 
Bell’s suggestion the council lent its assistance to 
the movement by placing office accommodation in 
ithe Institute at Sir Ray Lankester’s disposal, and 
by granting extra clerical assistance for the purpose 
of conducting his propaganda. A conference was 
organised at the rooms of the Linnean Society on 
May 3, which was very largely attended, the Institute 
being represented officially by Sir William Beard- 
more, Sir Hugh Bell, and Sir Robert Hadfield. 
Resolutions were carried authorising the committee 
to take such steps as they might consider appro- 
priate in order to urge upon His Majesty’s Govern- 
ment the necessity of making the natural sciences 
an integral part of the educational course in all the 
great schools of this country. 


COMMITTEE OF THE Privy CoUNCIL FOR SCIENTIFIC 
AND INDUSTRIAL RESEARCH. 


A grant of 1001 was offered to the Institute by 
the Committee for Scientific and Industrial Research 
to meet the cost of preparing for the committee a 
statistical survey of the supply of raw material 
(exclusive of fuel) for use in the iron and steel indus- 
tries. The offer having been accepted by the 
council, a report dealing with the iron ore 
of the United Kingdom and the British Dominions, 
and with the principal iron ore resources of other 





countries, as far as information was available, was 
compiled and submitted to the Research Council 
in December. A further section of the report 
referred to the occurrence and production of the 
ores of other metals used in the industries, such as, 
chromium, cobalt, manganese, molybdenum, nickel, | 
tungsten, titanium, vanadium, and zirconium. 
ANDREW CARNEGIE RESEARCH FuND. 
With regard to the administration of the Carnegie | 
Fund the council had found that, owing to the: 
restriction imposed on the age of candidates, applica- | 
tions for grants for research work had not been: 
coming forward as freely as usual since the beginning | 
of the war. They therefore communicated with 
Mr. Carnegie on the subject, who was good enough | 
to reply that he would be pleased to leave the: 
matter to the judgment of those in whose hands) 
the administration of the fund had been placed,’ 
and that he would be satisfied with whatever action ' 
the council might take in the matter needing; 
consideration. The council thereupon decided to 
suspend the age limit of thirty-five for the present, 
and to modify the scheme under which applications 
were invited. In considering the allocation of 
grants the council will be guided by the nature of 
the subjects proposed for investigation, and will 
give preference to those which, in their judgment, ' 
appear to be of the most practical advantage to the’ 
iron, steel, and allied industries. 


APPOINTMENT OF REPRESENTATIVES. 


The president continued to represent the Institute 
on the general committee of the Royal Society 
for administering the Government Grant for’ 
Scientific Investigations. On the Board of the’ 
National Physical Laboratory the representatives 
of the Institute were Sir Hugh Bell, Bart., and Mr. ' 
W. H. Ellis. Sir Hugh Bell had continued also 
to act as representative on the Board of Governors 
of the Imperial College of Science and Technology 
On the Engineering Standards Committee the 
Institute was represented by Mr. Arthur Cooper, 
Mr. George Ainsworth, and Mr. Illtyd Williams, 


while Mr. Charles Dorman and Mr. R. E. E. Spencer | 


continued representatives to serve on the Engineer- 
ing Standards Sub-Committee for the Standardisa-' 
tion of Galvanised Sheets, and the Sub-Committee’ 
for Special Steels for Motor Car Construction. 
Sir William Beardmore, Bart., and Mr. George 
Ainsworth had continued to act as representatives 
of the Institute on the Technical Committee of 
Lloyd’s Register of British and Foreign Shipping. 
Sir William Beardmore had been nominated by the 
council on the Institution of Automobile Engineers 
Committee on Special Steels for Automobile and 
Aircraft Construction. Sir William Beardmore 
and Sir Hugh Bell had been appointed representa- 
tives of the Institute on the Board of Scientific 
Societies of the Royal Society. Dr. J. E. Stead, 
F.R.S., represented the Institute on the Advisory 
Committee of the Royal School of Mines; Sir 
Robert Hadfield acted as representative of the 
Institute on the Court of Sheffield University, and 
continued to serve on the Home Consulting Com- 
mittee of the Hong Kong University. Mr. W. Peter 
Rylands represented the Institute on the Court of 
Liverpool University. 

Sir William Beardmore having been elected 
president, Mr. Illtyd Williams was appointed 
honorary treasurer in his stead. 

Mr. P. C. Gilchrist and Dr. H. M. Howe had been 
elected honorary vice-presidents. To the great 
regret of the council Mr. J. H. Darby had found 
himself obliged, for reasons of health, to retire from 
the .council, and there had been elected as new 
members of council: Sir Charles Allen, Dr. J. O. 
Arnold, F.R.S., and Mr. F. W. Harbord. 


ALTERATION OF By-Laws. 


The adoption of the new by-law dealing with 
the expulsion of members, as prepared at the 
autumn meeting on September 21, was moved by 
the chairman and was agreed to. It states that: 
“The Council shall have power to decree the sus- 
pension of any ordinary or honorary member, or 
to remove from the list of members of the Institute 
the name of any ordinary or honorary member 
for wilful contravention of the by-laws or for any 
other reason which shall seem to them sufficient. 





Provided, however, that no member, whether 
ordinary or honorary, shall be suspended, nor his 
name be removed from the list of members, unless 
the council so decide by a majority of ‘at least 
two-thirds at a meeting at which there are not less 
than twelve members of council present and voting.” 


PRESENTATION OF THE BESSEMER MEDAL. 


The chairman then handed the Bessemer meda! 
to Mr. Andrew Lamberton, vice-president. In 
making the presentation he said that Mr. Lamberton 
was well known to all the members as the head of 
the firm of Messrs. Lamberton and Co., Coatbridge, 
and his work in connection with the iron and steel 
industry had been mainly in the direction of the 
development of the principal mechanical engineering 
appliances in use in the manufacture of iron and 
steel. In particular he was the author of many 
important improvements in rolling-mill machinery, 
by which the capacity of mills had been increased 
and the cost of production had been lowered. From 
time to time he had communicated to the Institute 
valuable papers dealing with the problems relating 
to the driving of rolling mills and their design. The 
chairman further explained that this year the form 
of the presentation differed in one important 
respect from the usual form in which it had always 
been made in previous years. Mr. Lamberton had 
for patriotic reasons foregone the acceptance of a 


| medal struck in gold, and the Institute consequently 


was presenting to him at present nothing more than 
the diploma, to which the usual metal replica of the 
medal was attached. The meeting were asking 
Mr. Lamberton to accept this in token of the 
Institute’s recognition of his eminent services in 
the development of mechanical engineering as 
applied to the manufacture of iron and steel, and 
would look forward to the time, at no distant date, 
when it was hoped to supplement the parchment 
with the real object. 

In aeknowledging the award Mr. Lamberton 
referred to the Bessemer gold medal as the highest 
honour which the Institution could confer. He 
was satisfied that the award had not been made 
to him in any personal sense, but as a representative 
of his fellow-workers in that particular branch of 
engineering with which the Institute was concerned. 
He took pride in being the first Scotchman to take 
the Bessemer medal north of the Tweed. A Scotch- 
man was supposed to be a person who kept the 
Sabbath and everything else upon which he could 
lay hands. Any Scotchman would be willing to 
plead guilty to the first part of the indictment if 
he might conscientiously do so; the speaker would 
plead guilty to the second, as he intended to keep, 
as well as treasure and value, the medal which had 
been given him. 

Three papers were then read and discussed. We 
reproduce two of them, viz., those on ‘“ Refractory 
Materials ” and “ Steel Ingot Defects,”’ in our present 
issue, on pages 437 and 439, and shall report the 
proceedings further in our next. 





AGRICULTURAL MAacHINERY.—The President of the 
Board of Agriculture has approved the following 
appointment :—Lieut.-Colonel E. W. Allen, A.8.C., to 
be Director of Machinery and Implements in the Food 
Production Department, vice Mr. P. L. D. Perry, who 
has been transferred to the Ministry of Munitions to 
supervise the manufacture of agricultural machinery 
required by the Department. 


Tue AERonavTicaL Society or GREAT BRrITAIN.— 
Mr. Holt Thomas is to lecture on May 30 before this 
society on ‘Commercial Aeronautics.’’ Lord Cowdray, 
President of the Air Board, will take the chair. The 
lecture will deal with questions likely to affect the future 
of aircraft as a commercial proposition, and will be 
illustrated by a considerable number of films showing 
the carriage of goods and passengers. In all of these 
matters actual experiments have been carried out by 
Mr. Holt Thomas. Tickets of admission can be obtained 
from the Aeronautical Society at 7, Albemarle-street, W 1. 


Tue ‘“Frasx” Carcurators.—Under this title 
Messrs. Gall and Inglis, of 31, Henrietta-street, W.C.. 
are issuing a series of pocket slide-rule calculator 
adapted to suit the requirements of various trades. 
Each of the calculators comprises two slide rules in 
paper, mounted on the opposing covers of a strong!) 
bound booklet. In each case one of the rules is intende’! 
for the operations of ordinary multiplication and division, 
whilst. the other rule has its scales divided to suit the 
needs of a particular trade or profession. The price 0! 
the engineer’s rule is ls. net. 
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INDUSTRIAL NOTES. 


THE new scheme, approved by the War Cabinet, 
for regulating the release of munition workers for the 
Army will begin to take effect on Monday next. After 
that date no man fit for general service will be pro- 
tected against recruiting unless his work is essential 
to the output of ships and munitions. The urgent 
need for maintaining the forces in the field at full 
strength, as recently announced by Sir William 
Robertson, and the equally urgent need for using 
with the utmost efficiency and economy the man- 
power available for the production of munitions, have 
made this policy inevitable. 

The new scheme will be carried into effect on the 
basis of a schedule of protected occupations, which 
will be much more simple and effective in its operation 
and much more equitable for all classes of workmen 
than the existing schemes of exemption. It has been 
found in practice that the trade card scheme protects 
from enlistment men .who are no longer, indispensable 
to the output of munitions, and fails to protect other 
men highly skilled in their occupations who are indis- 
pensable so long as the present need for ships and 
munitions continues. Besides, it discriminates between 
different trade unions in a way which the unions who 
are not parties to it regard as unjust and unfair. 

All these anomalies and causes of irritation will now 
come to an end. The test of exemption in future will 
not be whether a munitions worker is in a particular 
union, but whether he is in one of the occupations 
which are scheduled as indispensable. And no one 
will haye any difficulty in discovering his position in 
this respect. All that he will have to do is to consult 
the schedule of protected occupations which he can 
see at his trade union office, or at the works, or -pur- 
chase for a penny. He will find, for example, that 
practically all workmen who on March 29 last were 
engaged on shipbuilding, boat and barge building and 
repairs, in marine engineering shops, and on marine 
engineering work, are protected against recruiting. In 
the same way he will find exact particulars of every 
other occupation that is protected. And if he is of 
the age and in the occupations specified in the schedule, 
then he will recetve a scheduled occupations certificate, 
which ‘will afford him as effective protection as has 
hitherto been given by war service badges and trade 
cards, 

The scheduled occupations certificates will be 
issued from the munitions area recruiting office, 
and it is expected that they will be in the hands of all 
who are entitled to them by May 15.- Any one who 
does not receive a certificate by that date and considers 
that he is engaged in a scheduled occupation should 
lodge a claim with the Enlistment Complaints Com- 
mittee; but no man who has had his war service 
badge or his trade card cancelled should leave his job 
until it has been decided where he is most wanted. 
In all cases where applications for certificates have 
been made to the Enlistment Complaints Committee 
calling-up notices will be suspended until the com- 
mittee has given its decision. The final decision on 
all claims for protection will be given by the Complaints 
Committees, which already consist in equal proportions 
of representatives of labour and representatives of the 
Government, and are being strengthened by the 
appointment of further labour representatives. In 
this way the most ample protection will be given 
against wrongful enlistment, and the new scheme as 
a whole will not only protect the workmen against 
every form of victimisation, but provide with increased 
efficiency the men and material essential for the 
effective prosecution of the war. 





The completion of the agreements for general 
advances has enabled Sir George Askwith to retire 
from the Committee on Production and to devote his 
whole attention to conciliation work. The committee 
is now constituted as follow::—Right Hon. Sir David 
Harrel, K.C.B., K.C.V.O., and Sir George 8. Gibb, 
LL.B., joint chairmen; Colonel John McAusland 
Denny, C.B., D.L., J.P., Mr. J. Duncan Elliot, Mr. 
George Rowe, and Mr. Fred S. Button. 

In order to expedite the hearing and settlement of 
cases the committee will in future be divided into two 
panels, each consisting of a representative of employers 
and workmen under one of the chairmen. 

The committee will meet at 5, Old Palace-yard, 
and the secretary will be Mr. H. J. Wilson, to whom 
all communications should be addressed. 





The employment in France of labourers from 
Algeria, Annam and China has beén disappointing in 


several works, says La Métallurgie, and opinions are’ 


divided as to. the real value of this labour. 


temporary believes that the few local lapses which 
have occurred have been wrongly generalised so as to 
cover the whole of the foreign labour in question. 
[t is quite true that most of the Algerians and Kabyles 


Our con- |- 





are indolent and that three or four are required to 


replace a good French labourer. The men from 
Annam are of rather weak constitution and can only 
be employed in the South of France. In regard to the 
Chinese, interesting and very encouraging results have 
been obtained in numerous works. The Chinaman is 
by nature skilful, and if he is made to find interest in 
his work and is well surrounded he gives satisfaction. 
In the various districts of France it has been found that 
a continuous effort must not be demanded of him, and 
if the work which is entrusted to him is of such a nature 
that he is allowed a few periods of inactivity or rest, 
his efficiency is satisfactory. The Chinaman makes 
a very bad navvy, but is capable of making a good 
factory labourer, and can also be put in charge of a 
machine tool. It should, further, be borne in mind 
that certain disappointments in the commencement are 
attributable to the bad quality of the first batches of 
men recruited, which frequently consisted of adven- 
turers and vagrants. The men who have arrived 
since, coming from Northern China, are much superior 
men. Our French contemporary believes that this 
foreign labour is capable’ of rendering great service to 
the country also after the war, when every help, even 
that of low value comparatively, should be retained. 





The idea that aptitude for textile work is heredita 
among families resident in the textile areas is as we 
received in Burmah as elsewhere, says the Journal of 
the Royal Society of Arts. Proof or disproof is hard to 
get, and the point frankly rests on opinion. It is, 
however, hardly a matter of opinion that those 
reconcile themselves best to mill life who have gone 
to the mill from early years, seen their friends and rela- 
tions going, and have grown up to accept mill condi- 
tions as normal. Those who stay best at the work 
become naturally the best workers, and it is at any 
rate arguable that environment counts for as much as 
heredity and is more clearly traceable. The case 
exhibits itself in particular as well as in general, and 
notably in the willingness to live in one district and 
work in its mills, although not in those a short distance 
away. The town-dweller can barely be persuaded to 
stay in mills called “‘in the country,” and newcomers 
from beyond the textile radius can hardly be induced 
to make the mill their final destination. The matter 
is more one of amenities than of wages. His own 
district has given the employer his best workers 
hitherto, but it would be useful to know how far this 
is due to an unattractiveness which repels those who 
have not been born in the surroundings. ... The 
necessity for making the mill a more obviously agree- 
able place in which to earn a living is heightened by 
the proposals to raise the school age. In general, the 
reluctance to enter the factory increases with age 
and education, and the preference of those who should 
provide the detail labour will have to be met. 





Dr. Addison, M.P., Minister of Munitions, states 
that the number of boys between the ages of 14 and 
18 engaged in various occupations in this country is 
approximately 1,250,000; he adds that their young 
shoulders are gallantly helping to support the burden 
of war. But while the war has heightened the value 
of the boy in the labour market, it has intensified the 
problem of his welfare. In this connection Dr. 
Addison commends a pamphlet on “The Boy in 
Industry” to the attention of parents, employers, 
social workers and teachers, in the hope that the 
problem may be brought nearer solution. 

The pamphlet is issued at the price of 3d. net by 
H.M. Stationery Office, Kingsway, W.C.3; it puts 
the case of the factory lad clearly and without con- 
cealment of unpleasant facts. The ordinary boy of 
14 to 18 years, says the author, is unstable, wilful, 
elusive ; the age is a critical one in his career, and he 
is receptive to influences both good and bad—chiefly 
bad. To-day various contributory causes make his 
position more precarious; the father’s control is 
absent and high wages are paid for his labour. The 
boy knows nothing of the part he is to play either in 
the world or in his work, and finding himself regarded 
as a man, he thinks that the sooner he apes man’s 
follies the better. 

Various methods have been devised to stay this 
national waste, but the social and recreative agencies 
at work are insufficient. A more highly developed 


| system of engagement and control from inside the 
| industrial system is essential. ‘ 
| plished, the author asserts, by the appointment in the 
'| factories of a sympathetic supervisor who would watch 


This could be accom- 


the ‘personal interests of the boys. This officer would 
engage all the lads, would keep in touch with them 
at work and at play, and would encourage them in a 
wholesome outlook on life. 

who are concerned with the question of boys 
in industry would do well to read this pamphlet and to 
obtain the scheme for boy supervision in the munition 
factories from the Welfare Department, Ministry of 
Munitions, 5, Whitelall-gardens, S.W. 1. _ 





ImpERIAL War ConFERENCE RESOLUTIONS. 


The following, officially announced, are among the 
resolutions passed by the Imperial War Conference : 
appealing more or less directly to our readers :— 


That this conference, recognising the importance of 
assimilating as far as possible the military stores and 
equipment of the Imperial forces throughout the Empire, 
recommends that an expert committee, representative 
of the military authorities of the United Kingdom, the 
Dominions, and India, be appointed as early as possible 
to consider the various patterns in use, with a view to 
selecting standard patterns for general adoption as far 
as the special circumstances of each country admit. 

That the Imperial War Conf wel the 
ee increase of the Board of Trade service of Trade 

ommissioners and its extension throughout the British 
Empire in accordance with the recommendations of the 
Dominions Royal Commission, and recommends that 
the Governments concerned should co-operate so as to 
make that service as useful as possible to the Empire 
as ' whole, especially for the promotion of Inter-Imperial 
trade, 

The Imperial War Conference commends the pro- 
posals of the Board of Trade in the memorandum on 

tents and trade marks to the careful consideration 
of the several constituent Governments of the Empire, 

The Imperial War Conference are of opinion that the 
readjustment of the constitutional relations of the com- 
ponent parts of the Empire is too important and intricate 

subject to be dealt with during the war, and that it 
should form the subject of a special Imperial Conference 
to be summonedas soon as possible after the cessation of 
hostilities. They deem it their duty to place on record 
their view that any such readjustment, while thoroughly 
preserving all existing powers of self- ent and 
complete control of domestic affairs, should be based 
upon a full recognition of the Dominions as autonomous 
nations of an perial Commonwealth, and of India 
as an important portion of the same, should recognise 
the right of the Dominions and India to an adequate 
voice in foreign policy and in foreign relations, and 
should provide effective arrangements for continuous 
consultation in all important matters of common Imperial 
concern, and for such necessary concerted action, 
founded on consultation, as the several Governments 
may determine. 

That it is desirable to establish in London an. Imperial 
Mineral Resources Bureau, upon which should be repre- 
sented Great Britain, the Dominions, India, and other 
parts of the Empire. The Bureau should be charged 
with the duties of collection of information from the 
appropriate departments of the Governments concerned 
and other sources regarding the mineral resources and 
the metal requirements of the Empire, and of advising 
from time to time what action, if any, may appear 
desirable to enable such resources to be developed and 
made available to meet the metal requirements of the 
Empire. That the conference recommends that His 
Majesty’s Government, should, while having due regard to 
existing institutions, take immediate action for the pur- 
pose of establishing such a bureau, and should as soon as 
possible submit a scheme for the consideration of the 
other Governments summoned to the conference. 

That this conference, in view of the experience of 
the present war, calls attention to the importance of 
developing an adequate capacity of production of naval 
and military material, munitions, and supplies in all 
important parts of the Empire (including the countries 
bordering on the Pacific and Indian ns) where 
such facilities do ‘not presently exist, and affirms the 
importance of close co-operation between India, the 
Dominions, and the United Kingdom with this object 
in view. 

Having regard to the experience obtained in the 
present war, this conference records its opinion that the 
safety of the Empire and the necessary development of 
its component parts require prompt and attentive con- 
sideration, as well as concerted action, with regard to 
the following matters:—(1) The production of an 
adequate food supply and arrangements for its trans- 
portation when and where required, under any conditions 
that may reasonably be anticipated. (2) The control 
of natural resources available within the Empire, 
especially those that are of an essential character for 

ry national purposes, whether in peace or in 
war. (3) The ecc ical utilisati of such natural 
resources through pr of manufact carried on 
within the Empire. The conference commends to the 
consideration of the Governments summoned thereto 
the enactment of such legislation as may assist. this 
purpose. 

The time has arrived when all possible encouragement 
should be given to the development of Imperial] resources, 
and especially to making the Empire independent of 
other countries in respect of food supplies, raw materials, 
and essential industries. With these objects in view 
this conference expresses itself in favour of :—(1) The 
principle that each part of the Empire, having due 

to the interests of our Allies, ll give specially 
favourable treatment and facilities to the produce and 
manufactures of other parts of the Empire. (2). Arrange- 
ments by which intending emigrants from the United 
Kingdom may bé induced to settle in countries under the 
British flag. . , 

That the Imperial War Conference, having examined 
the memorandum on the position of Indians in. the 
self-governing Dominions presented by. the Indian 
representatives to the Confererice, accepts the principle 
of. reciprocity of treatment between . India. and the 
Dominions and recommends the memorandum: to the 
favourable consideration of the Governments concerned. 
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COLONIAL AND FOREIGN ENGINEERING 
PROJECTS. . 


We give below a few data on several Colonial and 
foreign engineering projects, taken from The Board of 
Trade. Journal. Further information on these. projects 
can be obtained from the Commercial Intelligence 
Department, Board of Trade, 73, Basinghall-street, 
London, E.C. 2. 


Australia.—The Victoria Government Gazette contains 
a notice to the effect that the Councillors of the Shire 
of Orbost have been authorised to constitute a Water- 
works Trust (the ‘‘ Orbost Waterworks Trust’’). The 

rincipal works to be constructed or carried out by the 
Trust will comprise a reservoir at Young’s Creek and 
diversion weir, channel, Pipe main, service basin, and 
reticulation of the township of Orbost. A loan. of 
11,000/. has been granted to the Trust for the purposes 
mentioned. 


South Africa,—With reference to the gore water 
and irrigation works in Cape Town, H.M. Trade Com- 
missioner notifies that, according to The Cape Times, 
a poll of the ratepayers of the city has resulted in sanction 
being given to the raising of a sum of 26,800/. for 
defraying the cost of the tdlioning :—(a) The provision of 
a new reservoir of 200,000,000 gallons capacity in the 
Silvermyn Valley, in the nl, came Mountains, by the 
construction of a concrete dam, at an estimated cost of 
25,0001. ; (b) the provision of a line of 12-in. cast-iron 
pipes between Muizenberg and Newlands, at an estimated 
cost of 35,000/.; (c) certain investigations in regard to 
water supply, at an estimated cost of 15,0001.; and 
(d) the provision of buildings, fittings, cleaning, drying 
and curing areas, water, drainage, sanitary conveniences, 
&c., required at the new fishing harbour, at an estimated 
cost of 13,000. 

Portugal.—The Diario do Governo, Lisbon, publishes 
a Law (No. 675) authorising the Government to grant a 
credit of 400,000 escudos (about 51,700/. at current 
rate of exchange) in favour of the Portuguese State 
Railways Administration for the continuation of the 
consiruction of the following railways during the current 
fiscal year :—(1) The Vale do Sado line ; (2) the line from 
Barreiro to Cacilhas; (3) the Evora-Reguengos line ; 
and (4) the Portimao-Lagos railway. 

Republic of Honduras.—The Acting British Consul at 
Puerto Cortes, Mr. J. wae sae reports, under date 
March 10, that about 35 miles of railway have been built 
to date out of the 60 odd miles of the line from Tela to 
Progreso on the Ulua River. The work is proceeding, 
but considerable excavating remains to be done, and 
Mr. Hepburn thinks that there may be an opportunity 
for b in machinery and other necessary plant and 
equipment. 

Brazil.—The Diario Official, Rio de Janeiro, publishes 
a Decree (No. 12,309) approving a revision of the contract 
entered into between the Brazilian Federal Government 
and Antonio Mendes Fernandes Ribeiro in November, 
1910, for the construction of a railway from Barreiros to 
Sertaosinho, in the State of Pernambuco. Under the 
revised contract the concessionaire undertakes to com- 
plete the first section of the railway (15,762 m.) for 
public traffic by April 23, 1918; the plans for this 
section were approved in 1913. The second section, of 
35,420 m., plans for which were approved at the end of 
last year, must be completed by april 23, 1920. Plans 
for the final section (which is to be completed by 
June 23, 1921) must be presented for the approval of the 
Government six months before the termination of con- 
struction work on the second section. The railway will 
be of metre Ma throughout. The Government will 
grant a subsidy of 15,000 milreis (about 750/. at current 
rate of exchange) per kilometre, up to a maximum sum 
of 900,000 milreis (about 45,000/.). (Metre = 1.09 
yard.) 

Chile.—According to the official Commerce Reports, 
Washington, a company under the name of Compajiia 
Chilena de Fundicién de Estafio (Chilian Tin Smelting 
Company) has been organised, with a paid-up capital of 
50,0001., for the purpose of establishing a smelter in the 

rt of Arica, Chile, to treat tin concentrates (barilla) 
rom Bolivia. Tin ingots 99.75 per cent. fine will, it is 
said, be made. The plans are stated to include the 
treatment not only of tin concentrates but of other 
minerals, and the ultimate installation of a manufacturing 

lant. The capital is Chilean, and the work is being done 
or the owners of one of the two largest groups of tin 
mines in Bolivia. It is thought that the smelter will 
have about 7,000 tons of 60 per cent. (or over) tin barilla 
from the mines referred to, and should easily find 3,000 
tons to 5,000 tons more from other producers. Con- 
struction work has been started, and the Chilean 
Government are assisting the smelter company with 
grants of land and water rights. 





—_—» 


Hor Foop Disrrisution pr Exvecrric Tramways.— 
The municipality of the town of Minster, in Westphalia, 
last autumn modified some tramway cars for the distri- 
bution of the food — in the public kitchens. 
The total car length is 7.2 m.; 4 m. of the length are 
pepe he by seats; in the remaining portions the food 
is sto in vessels which are p along the axis of 
the car, leaving passages of 1.5m. width on both sides. 
When the car has arrived at the spot the attendants 
take their stand in the one passage, and the people 
coming for the food pass down the other . The 
vessels are tinned iron cylinders, 1 m. high, standing 
in wooden vats of 1 m. diameter, the annular space 
(100 mm. in width) between iron and wood being packed 
with kiese . The iron lids of the pot are packed 
with heat insulation, so that the food can be kept warm 
for a whole day if the lids are screwed down. 





THE STANDARDISATION OF ENGINEERING 
MATERIALS. 
By Sm Jonun Wotre Barry, K.C.B., F.R.S. 


The Standardisation of Engineering Materials and its 
Influence on the Prosperity of the Country.* 

Berore approaching the subject of this the 25th 
James Forrest Lecture, I ask leave to refer to the founder 
of the series of discourses, and especially in view of his 
recent decease in March last at the ripe old age of 91 
years. To the end he retained his full mental vigour, 
and one of the last things which ae his thoughts 
was to send me a expressing his earnest desire 
that I should undertake the duty of laying before you the 
subject on which I propose to speak this afternoon. 

e retired from the onerous duties of secretary in 
1896 in consequence of failing health, and became hono- 
rary range but his interest in the Institution showed 
no signs of diminution, and up to the last few days of 
his life was as keen as ever. It is not too, much to say 
that no important matters have been concluded since his 
retirement without the ever-ready help and advice of 
our honorary secretary. 

He became secretary as long ago as 1859, and thus 
held the post for nearly forty years, and during that long 
period of service devoted himself heart and soul to the 
interests of the Institution. These were nearest his heart, 
and he gave of his best, not only to the welfare of the body, 
but also to every individual member and associate, 
whether young or old, who sought his advice and guidance, 

I claim the right to qual with some authority on 
these subjects, as I also have been connected with the 
Institution for some 49 years, and have sat on the 
council for 34 years. During all that time, and for 
longer, I was’on terms of personal friendship with James 
Forrest, and to me, as also to many more of us, the 
blank left by his death cannot possibly be filled. I am 
sure that all the older members of our Institution who 
knew James Forrest in his active career will associate 
themselves with my reminiscences. We all feel that we 
have lost a dear and firm friend, a sage counsellor, and 
an untiring worker for the advancement of the body to 
which we belong, and for the development of science 
in its broadest aspect. 

When he became secretary our numbers were about 
850 members and associates; when he retired the 
numbers were 6,959, and now our roll is about 8,633, 
having suffered considerable diminution recently owing 
to circumstances connected with the war. This Institu- 
tion is the premier engineering body—I think I may say— 
of the world, and what I have said surely indicates that 
the foundations were well and truly laid. 

Shortly before James Forrest’s retirement from the 
secretaryship the council presented him with a sum of 
money as a testimonial, a part of which he characteristic- 
ally devoted to the endowment of an annual lecture on 
important engineering developments, and the subjects 
which have been dealt with in the series of lectures 
which bear his name are of the highest value to our 
profession. He always took the keenest interest in the 
selection, both of the subjects and the lecturer. 

I will now, with your permission, pass to the considera- 
tion of the work, past, present, and future, of the 
Engineering Standards Committee, and to the general 
subject which is nowadays embraced under the word 
“Standardisation.” It is a rather barbarous word— 
not to be found, I think, in any good dictionary, but, 
like other modern importations, it is useful, expressing, 
as it does, by one word the idea and results of adopting 
definite standards. 

Dr. Johnson, in his great dictionary of 1785, defined 
a standard as ‘That which is of undoubted authority ; 
that which is the test of other things of the same kind.” 

Similarly, Webster in 1853 described a standard as 
“That which is established as a rule or model by the 
authority of public opinion, or by respectable opinions, or 
by custom or general consent.”’ And, again, Richardson 
in 1855 defined it as “That by which quality or quantity 
is fixed or regulated, rated, estimated.’ 

This afternoon we shall not discuss standards or 
standardisation in general, but only their application to 
our British engineering industries. These are of vast 
importance to the nation at large, and not less so to the 
individual interests of those who are employed in them. 
With this subject the Engineering Standards Committee 
has been concerned for the past 16 years, and it will, 
I think be interesting to give some history of & move- 
ment which has undoubtedly already achieved great 
success. 

Before entering on that history I should like to give 
some statistics in pre-war years of the British engineerin 
trade, which, perhaps, are not in all quarters wel 
understood. 

The total number of occupied persons in this country 
in 1914 was given as follow :—15,389,000 (12,134,000 
male and 3,254,000 female). 

These are distributed as follow :— 





12.66 per cent. agriculture. 

11.39 per cent. commerce. 
8.2 per cent. conveyance. 
5.0 r cent. mining. 
7.89 pond cent. metals and machinery. 
6.77 per cent. building and construction. 
6.92 per cent. textiles. : 
7.23 per cent. dress. 


In — it a rs from Whitaker + a 1,359,000 
males and 74,000 females were engaged in the engineering 
industries. These figures and their relative proportions 





* James Forrest Lecture delivered on May 2 before the 
Institution of Civil Engineers. 








must be, of course, in this time of war considerably 
modified. . 
It is not quite clear whether mining and building con. 
struction and conveyance are to some extent included 
with the trades of metals and machinery, but in any 
case the total of the occupied persons in what may be 
termed the engineering trades must be very large ; they 
probably equal those in agriculture, and exceed the 
numbers engaged in commerce or the textile trades, 
It is not easy to arrive at the annual value of the tota! 
production of the engineering trades, but it was in 1912 
estimated in a general way at some 241,000,000/., which 
was much less than for the same trades in Germany. 
The values of the total British output exported in 1913 
are given in the Board of Trade Returns as follow :— 


Iron and steel wee 
Other metals wee 
Cutlery and hardware 
Electrical goods 
Machinery .. 
Ships (new) oe 
Railway carriages, 
Cars, etc. ...  ... 


£ 
54,292,000 
13,279,000 
7,972,000 
5,386,000 
37,013,000 
11,027,000 


trucks, motor 


11,366,000 


It will be seen that in 1913 approximately about 
140,000,000/. represented our engineering export trade. 
Considered from these points of view, the high importance 
to the nation of our engineering trades is very apparent, 
and we must remember that in our export trade, and 
to some extent in our home trade, we have to face very 
keen competition from foreign nations. : 

Time will not allow me to go further into statistics, 
as we have many other matters to discuss this afternoon. 
Thus I propose now to enter on the main subject of my 
lecture, viz., British engineering standardisation, and I 
will refer shortly to tlie history of the movement. 

As far as I know the first notable step taken in the 
direction was taken by Sir Joseph Whitworth about 
1841, when he urged and shthined the adoption of the 
Whitworth screw threads, which came to be adopted 
here and in all countries. They remain as standards to 
this day, though extensions and modifications of the 
original Whitworth series have been found to be desir- 
able and have been made. It has been somewhat 
difficult, in view of present circumstances, to obtain any 
very definite information in regard to standardisation in 
foreign countries. Generally speaking, however, it 
— that, apart from standardisation carried out by 
individual manufacturers in a somewhat haphazard way, 
and which in many cases is still in existence, industrial 
standardisation abroad is to a considerable extent in the 
hands of a comparatively small number of national 
societies. There is, so far, no organisation similar to that 
of the Engineering Standards Committee, although, it is 
true, a concerted movement is being made in America 
to co-ordinate under one head the work of industrial 
standardisation, which hitherto has been carried out by 
numerous engineering and trade associations, with con- 
siderable overlapping of effort. 

The Engineering Standards Committee has taken part 
in various international congresses dealing with questions 
of standardisation, and its co-operation with the 
Americans is having a most beneficial result. It is 
interesting to note that in 1864 a committee of the 
Franklin Institute recommended the adoption of the 
Sellers screw thread, which is now known as the United 
States standard. Also in 1898 the American Institute 
of Electrical Engineers appointed a committee, under the 
chairmanship of Professor F. B. Crocker, of Columbia 
University, to consider the standardisation rules for 
electrical machinery. The chairman of this committee 
at the present time, which has now 34 sub-committees, 
is Professor Comfort Adams, of Harvard University, to 
whom I am indebted for a most complete review of the 
progeene of standardisation in the United States. 

© Bureau of Standards of America calls for more 
than ordina remark, if only to show the financial 
support which scientific investigations have for many 
years received in America. The Bureau was established 
in 1901, and, although there had been previously a Bureau 
of Weights and Measures, it was merely a receptacle for 
standards of weights and measures, &c., and not an 
active institution. The work of the present Bureau of 
Standards has greatly extended since that date, and its 
total Government grant et 1916, including that for 
buildings, was, I am informed, nearly 2,000,000 dols. 
Recently the Bureau has entered into questions of indus- 
trial standardisation, involving, amongst other things, 
the establishment of safety codes for all kinds of struc- 
tural work, particularly that of the American public 
service corporations. This action has been accom- 
panied by considerable disturbance in industrial interests, 
and has given rise to controversies. 

I would add that in France the Société d’Encourage- 
ment pour I’Industrie Nationale has since 1891, given 
much study and attention to the standardisation of 
metric screw threads, and now has a very complete series 
ranging from 0.4 mm. to 100 mm., which includes the 
entire series known as the Syst?me International. Time, 
however, does not allow of more than this passing refer- 
ence to the actions of other countries, interesting as they 
are, but I will give in an appendix to my lecture further 
details received from various seurces abroad. eo 

The extension of the principles of standardisation, 
however, slumbered in our country, and I do not think 
that anything of a general nature was here set on foot 
till January, 1901, when I brought before the council 
of the Institution of Civil Engineers the urgent need of 
systematic standards to replace the i g confusion 
in engineering manufactures due to engineers who 
designed the work and manufacturers who executed it 
being without general guidance as to the readily available 
form and composition of the manufactured articles or 








433 


ENGINEERING. 


May 4, 1917.] 





©Yy? e8IN0d JO YILM ‘SeIpog eACge oy, “Peppe BOezAUy | ay} JoprsUCo 0} [oUNCD ey} Aq pezutoddy oq pjnoys | ysoure elem aley} uoMIEO puLyWOg JO e880 9Yy3 UT 
9e}}1UIUIOD B 3BY} SIsCUIBUG [IAI JO UOIZNIIGSUT CY} JO | 

flounce ey} UI peaou 7 ‘pezeZiyseaut sem yoofqns ey} sev 

eseyy, “esBiedo-00 0} pesAUI eq plnoys o7NzI9SUT Jee7g | UMOUY 10}30q [[19S eUTBOSG YOIY JO YINIZ OY} ‘Selt}sNpUT 

pue uoly oy} pue ‘syoozITYOIY [BABY JO UOTZNZIGSUT oY 

‘sisouIZuqy [BOTUBYOOW JO UOT}NIIWSUT OY? 484} poysesTns 

puve ‘Surppmaqdrys puv x10 jernjoni7s J0j [9078 puv uOIt 


uo el0m sioouIsug 


1038[ @ 98 puv ‘uoIzezIAUI oy} poydeooe A[[eIpi0o SeTpoy 


“ml0der @AA «*[TOUNOD 


yosXur pus ‘preuoqoyw “vy ‘f “4 
-njiqsuy ey} Jo yuepiseid oy} ‘ysiosuBp SoWEL ‘IW ‘XOg 
susnog sig ‘jeaureig 
Jig JO poysisuoo pozuiodde 90431uIUI0O [eUIsII0 ey} puL 


[Bowery «JO UOIZNINSUT CY} OFep 


| Lose 
ey} JO SIoquIEUI e190 WIOYA Jo [Te— | 3ey3 Avs Avur | 4nq 


‘uIMUG), JOssejorg ‘UOT | 


ouepag Jig ‘sexeg ulwefucg 


ButiseutSue ey} JO suorztpuoCD 
-Aquowyye JO esvarour ynoyyiA Avjep puev ssuedxe 0} peppe 
yorys ‘enyea fever Aue 4noYyjzLM oINJOBVJNUBU Ul SUOIZBIIBA 
JO su01jz008 peljor Joy spavpueys dn Zurmesp Aq opeul oq | o1em ole} Z061 UI 3ey} pemoys Apnjs puv UOIZEFIySeAUT 


P[noys JUueuIsoUSUIUIOD B 4By} Apnys [NJoI¥vo 10438 pepucUT Uo eq} ees] sjoofqns jo 481] Buoy oy} ur 


*UOTPBIFSNI[E 1JOJ 8}OBZ ose} UOIJUCUT T 
IgULIOJ JO Pood sem yey} [[e Buruiquios yueUIeD 10} 
| uoryvogioeds prepuwjs ouo oAvy eM MON “Aressoouun | 
eymb Zureq seousleyip ey} ‘pequoseid 83803 jo puT 


BUIPIO ey} Zureq yong 


‘ureZe wey} 0} Jojor [Teys T pue | Au 


*syuoutertnbel 


yBnoy} ‘Aje3re] Aroa ore yorys ‘pavd sod “q] OT 04 0% 
wioiy SuiBues ‘sper wW0}40q yey JO SUOT}IES PIBpULyS LT] 
ere aioyy, “prvd ied -q] go, 03 dn pied sed ‘sq ¢ Aq 
Sursvesout ‘pred sed -q] 9g Jo FySiem B WOT ‘sAUMyTeI INO 
uo 98n UI S[Ivl ABMTel pveY[Ng JO SUOI}oes prepuLys 
euru Ajuo @18 — 
JO 9y31em pue uoljdiIosep yous 10} UOT}0es UMO 8zI PEY 
moo Avmjrer AroAo ysoulje sper Avmyrel jo esvo 
ey} uy ‘sedvys prepueys jo suorjoes eayg Aq ouop 10330q 
st ArjUN0d oY} JO YOM oy} MOU puY ‘s}rer ABMUTeIZ JO 
SUOT}008 JUBIEyIP 02 AeM eley} sn 
queziodunun ojmb euros 


“epel} y10dxe ul pesn ‘Ajoarsnjoxe 4ou PA 
( 


10} ‘syrez Avwjrer pue Avmurer3 Jo onz} SUA UTES OUT, 


“yoxIVU oUTOY eY4 UI seoLd 
rT a wu 





9 MON ‘ulozsAS ByI UO pesn s]IEZ 


jo 4ooys 
pues 4800 


‘edeys jo sousleyIp 
9 yove pue ‘sermnp 





SiaInjOVjNUBU INO 
sem AQuOUI pue oul} YyonU pu ‘peyeUMoOe Buleq 
SBM S][OI JO JequINU Sse_pue UB sNYyy, “peyuBA eq pom 
qonpoid sey} 4843 AjuTeZI900 OU SBA OJGY4 FB ‘YO04S JOJ [JOT 
eouspnid yy 4OU pynoo siaINjouynUVUL yey} PU ‘sT]TUT 
Suyjor Joy3o ya Azrunuru0s Aue ynoyyA suorqoes 


T 0} UOI}Ippe Ul “UOTsI9 ’ 
Zurddvorpuey Ajsnowes *peqysem Buroq 


UMO 8}I PSY GINjowjnuE Youo yey} ‘Avjop 
&. Bu ‘spuBUlep esey} Jooul 03 





Jepio UT 19048 Jo Se1q~ZUeNb [PEWS 10J .4No eq 07 UE4O 
sjjor opwur Ajosodind Ay ’ I Nae 
Azessooouun ysnoy} [eoeds yt yI0M poustsep src9eulsue 


i, 





9BYF ‘sUOT}OeS poTTor 






































‘peydope sem uorjour eyy, *Woder 0} puw Ajjny goofqns | S}USIPeIZUI ZUENFI¥SUO0D GY} JO SUOTZBVOyIOEdS e]qeIeUNUUT JB[IUIIS JO CUTS Oy} IOJ 3 UMO SIy pousisep oucdieAe | AuvUI yey} UMOYS sem 47 ‘syed guouodmOO s104} 
“84aP}0H -aen sdiys -asn “8.40}0UL}]0 4 + buryoog 
dwuv] newog -osn sdiyjg sfsbumy  sdiyg sof pup “s4qepg 80 °840)43) pup 
yn sof vend money 6s, sswpumy Anpag sR (lume 6 ‘seeng “soymmng “sbnid 
jE Meh Came BO Me aL 
run) fou Wess = 
sof sbmq pur hydvsbaqe *SU0LzD)7DA8UT 
DD panasog 9807043 M 4an0d pun 
pun 440M burybvT edwpyT 
nydvsboyaL mpony usjebun T -buyoy 
sof spoquiis: 4of spoquihig | : 
“yao | 
ony ‘s#ujiveg sath, ‘oy ‘s8niq *aanjeja ‘queg -r9uTqorRy 
“sini ‘sojou «s0jsduiwy = A004] pue ‘oy ‘sAoy Buryavdg ‘oy ‘soqny -UsTION [801299019 1¥0}.1900191 
Supaedg -3eyy | oueyFuny pue [ieg™ ‘sforjUOD sjeoym ‘somBIg ‘swjeR ‘sBupdg ‘smes0g ‘suojUQ ‘seduYY ejqowojny d “aangeyo 40 *squoyd "$908 *8a1qQ¥O 40} 80]ny 
*sjoquiAg -uomiOoN SIBAOW «= *UOTJORIE,«--Vjey pue = -sev0y qaMog' ‘sduivy ‘spuypuyjg UuoTyEsT 
? y i r ft P ( r f P P Vv i oe ould 91130010 nT 191 re 9149901 si a ce: se 
*sasoding 
spoasyt meng ifouny 
“sa6nvp fo wsof 40f spoasy “syuowisedrg 
suommun yy = uoRworfpo yy pW Poesy, nds 
a ? a Vv 
= eee “spwy fon 
es , ~wnsy sof “suoipag 
*sauyqoe “Fusney 8780.) puv noy ‘ 
opemontry 37043 sashuy = AvnwnsT pun pul 
uy esn *HIOM puv sasod ! i | Avnwnsy 
*suo}joouU0D 410j SUOTJONg jeoIpUT|ADQ = -aNg [8 -abpnag j ‘oy 
pus soqny *skumsoy uMBICT 40j soBney 103 sprog y pup spp Avapwy 4s0f 
1220W pus soy pu pe)joy qyunyy Ma10g ‘sag, *sodig $780, puv 
| | | ae Mes, | 4of sadig esvuyig ‘sediq sashpuy 
uo4sT-180) asnoy] pus oBumag "yooyg Su T104 "809¥1d ‘sedS, = ‘aouaaey 
“YM pun fo sessou “sodiq Buyjeiique, puvsep ‘sedig soamog *se]yolg “S118 “S|1ey Avayey “sAOITV 831 1909 OAl} “SBuyadg pus pubs -U0D 2A13 
“ny, bursa y, -ynyT yeojooyy Buyyweyy = ‘1098 oynepAy asy Avayey = Avmuies Ava ey 40} UOIT puvieddog -omoooy sojxy‘seidy,  yueuodui0g -oumo007 
sof trioansey i | | l oy a4 I | “a | ‘wie 
sof subssoq | 
*@u03g "HIOM 
Med bad od bende oes: § | “891989 er “suolpes 
kee: § JO 91N48IO “8780.L Sdyyg pues = 405 Buys psvpuny 
snouyjuL -UaTION *s10])08 ‘sadurpy 40g Surpying puv s#uy fo 
sb aed i ian oun Wien. - uOoTsIBAUOD edig } sits ined -dyqg 1 ed uoly or ee sid ie 
Ss “80d | . ones emaie ‘ 
as0M4 | | 
peznypy | 
| } “eS | | 
| | | *ssauyqoepl 
| 
| s | gus elves *u0R 
*asny | *soumesy Uy pesn -onajsu0D 
*83904S [9938 -BPUZUION | | ~sopun, sTefsa3 Surpriog 
yoy pue voz] | puv Suy8ney ‘seacoip *sedid *sedid *SUOPBINITD | | 4203g “BW J03 jesauey 
uowns, pajeBnsz10D ‘epee 4«(‘sedoy = ayo} ‘s}18qg Aonind *syitd aIBM uozy pus | *sosuvyy *soayy -BSuliow 8380], pus pus 
~psopuns spe peow oJTM suTqoe Ou sTHqowojny P2UHIIA aa aad voRBTqnd | “aouBuya “Seu adid “TOW “ws -oulos07 Avmyyey suoRIeg se8pig 
DL a oe onc] aero! RotleS 6S oe SS et A fas i | : | Ey. 
“AGLLINKOD NIV 
‘ssopoyg Ayddng—: * “ S907} UIWIOD jouB 


*sal1Osso00y [BOl19001q —: 


$907} TWIMIOD-qng 


*[BopsQIe/q—: snyy paqutad aav saaqqyuIWI0D | wUu0;JO9IgS—"ALON 


“HELLIAWNOD NIVAT FHL OL SHALIINWOD TENVG ANV_ SHDLLINWNO/D-Fag ‘SHELLINWOZ) IVNOLLOGG JO NOILVIAY SNIMOHS AVAOVIC 


‘GALLINNOD SCUVANVIS 


ONIVAANIONG 








434 


[May 4, 1917. 


ENGINEERING. 


st ome ye fujysnpur ey} O} Spaepueys oy} JO onyeA [BdT} | OY} JO UOTJBIYSIUIUIPR OY, ‘SedlAJes Zuidpnaszun 410y} 4104 
-owid ay} snyq} puR ‘yzr0ye aAtQoe ) puv UOI}VUIpPsO-09 | USUIe[}UGT oseYy OF ONp oie Aaqunoo eyt jo syuvy? oYyd 
0} Joaye 48e}¥eI7 oY} AAID 0} UOTZISOd B UL Sst 9e991UTUIOD yeYyy Jruqns T ‘goueziodulr JeuoIzeU BZurmosZ-19Ae Jo SI 
ureur ey} UoMestuBsIO Zursipeijueo 831 Jo uosver Ag = | yorum yom sy} 07 ‘esuedxe puv souaueAUODt peuosied 

“YIM J[Bep oq 04 | ¥BeIZ 4R UEZJO ‘aoUCIIedxe puUB oUTI} JIeYy} GAIT A[vory OY 
aiv sjoefqns oy}? yorum uodn soul je1oued oy} oduvsre | ‘suonmisod yuvziodun ul ere Woy Jo [[e ‘UeuUIe[}UEZ oI 
pus ‘usureyo eAtjoedsar ey} oFBUTUIOU OY ‘9099TUIUIOD | AoyT, *8909}TUIUIOD SNOIIBA oY} JO SIoqUIOUT QQG 4AeAO 
ureur ey} Aq pazurodde orev seezq1uIUI00 [eUOT}0es eSOYT, | [[eM MOU oIB OLY, ‘ooTJovId ZutseeulFue yo ajoymM oy} 
‘uorzvorqnd 0} 011d s9e};ruTUI0 [BUOT}0e8 snoIIeA oy} Aq | Suryveds Ayjeojovid 03 Buryejor sprvpuvys YIM Furpvop 





no *SNnay “SOLIyUNOD tayo ul Buistpavpuv‘ys 40} SUOTP USI 
-UBF10 GY} JO OSOY} WIZ JUaIAYIpP A[[BI}UesSe GB BINpPeo 
-o1d puv U017NZ198U09 ING “|B JO BoUEpYyUod ay} pornoes 
sey pue [nyssooons A[qeyieulel Used sey yIOM J1oy3 AY 
SUOSBAI GY} U9EG OABY PUB ‘190189 S}T JNOYZNOIYy 9o931UI 
-uloo ey} papms savy sojdiound jeyueurepuny osayy, 
*padAjoo10}8 Spoyjzour 41044 
ou ‘punoq-apty ouloseq 4OU pynoys Sepel} snoleA oy} 


Burjse} B sUIOd.eG JOU P[NOYSs veyUTWIOD oYF FEU, *L 

‘sole gOo8Ip pues a3 pe|Mouy 
oyIQUeLNs Wiepour YIM Yyonoz oesojo UL pue ‘sZUunyR} 
-lgpun ZunNjzowuynusul ywors oy} JO SsooYjO Jorqo puv 
| suedvuvur oy} YSnoryy pue ‘uorssojord Zuteousue oy} 
| yZnory} ssgonpoad puke siouNsUoD JO syUsWIeIINber [ROI4 
-ovad oy} YIM YONOZ 4se80]9 OY? Ut oUO 4nq ‘Apoq yRorUI 
| -opBow UB AToIOUT oq JOU P[NOYs 00441UIUIOD oY} FVYL, “9 


psAoidde soy pazueseid suomvoyioeds puv syiodoer [Te jo 
UOIPBOY!PBI OY} SB [JOM SB ‘UOTZESIPIVpULyS 10} Soofqns Jo 


ainzeUulpoep Jo souVydoeo08 oY} ‘aingrpuedxe ey} jo Surjoay 


“uoo oy} ‘spuny Aressooou oy} Jo Fuisrer oy} *yYIOM OAIzNO | 
“9X9 OY? JO [OYA O44 YPIA S[vop oaggrUTUIOD UTeU oy, | 
“UsyZB}opuN oull}? OF OUIIZ WOT UdEq | 





‘sjoued snozournu se [Jom SB ‘s90}4TUIUI00-qns puB see4;TUI 
-UL0D [VUOTIIES FO YIIM ‘S1OquIOUI ZZ JO 9e}}IUIUIOD UTeUI B 
YIM UOTPVSTUBSIO Zuryover-1ey yuoserd oy} 0} UMOIZ MOU 
sey ‘s1oquiour UsAes ATUO Jo Burystsuod ‘90}}1UTUIOD [eUITIIO 
ey, “‘pepunoy sem ‘umoys Ayystae, useq sey 4itids 
oyqnd yorys ut ouo puv ‘41040 ArejuNjoA 4vold & ‘90q41UT 


yey} pus ‘pezerodiooUl oq p[noo s}yueMIeAOIdUIT yey} O8 | *S}UBA PosTUZOeI Yoour 0} JopP1O UT JoYyIeI gnq ‘UOTPBIFTUI 
‘UOIsIAGE 04 Joofqns oq SoUIty [[B 3B P[NOYs e7}1UTUIOD ey} | UMO IIeYyy Jo sjzoefqns dn oye}, you pPynoYys oe4;TUTUIOD 
jo yom oy} VeyI—[e Jo ‘sdeysod “yueziodun yop *g | oy yey} JoRy uy ‘seaijejzuesorder quBysodul urtoJj 
*9OFPIUIUIOD BY} JO YIOM GY} JO UOTZ | OUTBO SOOIAIOS JIOY} JO} PUBUIOp B Moy qoofqns Aue yyias 
-ByTUT] oy} ssoidxe prnoys 4ojdwa yooavd ‘uorjooartp sy} | [Bep 0} eYBJAopuN A]/UO P[NOYs 99791UIUIOD OY} FBT, “S 
ut ‘gey} Jouy UT = ‘“paytoods sem yeym poureyqo Aayy yey? | “uO 7U0M 
SaAfesutey} AJSiZes 07 Suaseyornd 03 41 ZuLavey ‘sprepuBys | OUT? SB aFI0ULa p[NOM esey} FBVY} PUB ‘UOTZEINZe1 oye 








eABY YILM J[Bep Syoofqns oY} UI SeOUBAPE MOT[OJ 07 JopIO 
UL sUOI}BOTTqnd jo sUOISIAgY ‘UOTZBIepIsuOD JepuN ale | 
S10Y}O [BIAS [IY ‘ved Queseid oy} 04 dn peppe ueddq | 


“Wop sprlepuRiIg BulcculZug oY. ‘ssuiuUIZeq |jpeUIS Jo 











ey? dn jas 03 oq prnoys YOM Itoy} Fey? Inq ‘AyLIOYy Ne 











| -948A8 JO poou UT poo4}s OST|R YoIyA opesg BurepUIZUE oY4 JO 
| sqyoefqns s9y30 Aueur eq Afqeqoid pynom oiey} ‘s109;8UT 
juBjiodult sary} 10 OM} Ul OpBUT oq PNOA quoUISOUOT 


























| 
Ivo Aq Ives OABY LL JO JoquINU ey} 0} sUOT}BOYyIOeds ’ fu er Jopue%} =| -uroo -& YyANOY ‘3eYy} pesTUZODeI oq PlNOYs FI AVY, “F . 
Joyying pue ‘ ul ponss ‘ | gree | {2 BON’S-000 S _ UM “fh BIB SOOTAIOS IT AB O su 
at te a ae or ac * ye eed Peepers | FOI & o's cob 8 86gO0LOT §=6GZ6'EL | +92 | —— \ ort 0 Ff zz X Ct | 000'T ouygua =spoos 10) | nous ie onthaaete dreamy oe oe A se, 
pug 3 'T,, Oy “aA ‘uonwoyqnd yey ouL | || seen | ‘mw | Lowes pax 9-9-7 | 94 PImous I Li _ gel pln coggpeiges 
uorjdeout 841 | | ore” | oy} ur pue ArezuNfoOA BZureq JueuToAoUl oY} Fey, “¢ 
GUIS 90}31UTUIOD ey} Jo AIBJoI908 ATBIOUOY 8B poe sey | f | O° Ost Japua} ‘uoryEnZer yueDyjoyur pesmboa 
‘aorgnz1ysUyT ey} JO Arezo1908 yy ‘Areqspny, “7, “Hf “Id fe ¢ 2L°t aL°¢ =| 6186S | GERKS | ¢' 89 —— || ost | fs + 98 x 03| 9 ¢ { wows oe' wes Ajjuesin yor oer Auw ye JO ‘orjOBYyo ssa] 10 o10UI 
*£1B401008 Jo 480d oy} | | o°8o.L | | Leupsue spoo3 0-8-2 | guioseq pey yorys sBuryz Jo UOIyIPUOD B OZUT Jepso GONP 
saidnao0 mou puv ‘uy pep ‘sarey quejsisse | Rd f spun -O1}UI OF JOYS ATEPUNIOA B SEM FUSUTOAOUL oY Fey, ZC, 
OU? JO OO “ONISTORE Of °O “SH “weeny 09 Aoustlof 1erer| 1 ¢ ¢"¢ oo | zes'os est'zt | cvons| ~~ '| ost | s 0 | os x ot| 9 8 |{ womesooo's ua : P “sedxe woruyoo) 
Sty UO BIS SITY JO JoquIEUI B SB JoUBYyo TY ploy BurAued | | cor L | oussua osuassed gQ-g-p PUP StojUoUTIIedxe oyuoIOs ‘AYQsB] puB ‘sUOTBIDOSSE 
-wl0908 SBM oy UeYyM ‘onysdureyT ‘g'fy"H Ul ZuruMoIp | $694 | @pei} puUB [BoIUyIe, Jo Joquinu eSsey &@ jo: pus ‘uOT) 
Aq 916 Ul Yep pazuoUre, siy [[G UWee4so [estoArUN| FI ¢ att 1s°S | OFF'SS SECT f &°9F | $62 - 7 | J 12]10q OAPwUIAY “OG |-wiod10g Ystg ‘sejeA NBeIng ‘s,pAoP] ‘soruvdui0d 
pue sseoons yeild qi 4ysod oy} ploy pue ‘TO6T | \ ost im ¢ 96 xX Tet | 9 § Avmrer oy} JO soouruIOU oy} 8B Yons seruvduOD oyqnd 
ut Arejarses pajutodde sem uoszzoqoy ‘g oseT “ayy is F st ols | OFF'SZ «= BESET och | g'9L auysua YUN} F-9S | yeaa oy? Jo ‘a7BIg oY) Jo S}uoU4ZVdeq™ Burpueds 4veI7 
: ; <0p quae come ul ‘45 “al “al "suoy | *sUO} = ‘bs ur yy | uy “uy | cup “9g | ay} Jo SaANuiUasarder feroyso ‘srornjoujnuvut ‘stapritiq 
. dod °¢ ' | — * 
Ajsnonuryjucs 4ysod oy} pay eavy pue ‘drysueureyo ” ,-drys ‘stsourdue [1Ato posiiduioo pue sprejyep our odimbul 
ey} 0} papasoons 7 1v0A yey} UT ‘“UOTZBUBISer sty poze | ~ c | — Nr “ | 0} pesBUIUIOU .aJaM Sa0}}IUIUIOD [BUOTJeg “pouseOU0D 
-188900U YR BOY Burprey uoyA ‘COG [UN Geq41UTUIOD OYA JO -eINssalg “QINsselg “ainsselg ‘oInsselg| = 7e@ Aq uorwsnostp ysoljny oy} 40938 ApUO yng ‘Dapeyzwo wa 
uvulego jo uoljsod oy} ploy ‘TO6I Ul pepunoy sum 10G = LOM | s9pjog | spog | oe F Spiepueys ozeF[nuroid puv 9e44TUIUIOD 8 ULIOJ 04 porIsep 
aa}}IUIUIOD oY} UsyM SIoOUIZUM [LAK JO UOIYNIYSUT oY} “100g *quag Png} aa | Phong J | *STPOUAK | “12pP1O ajo, 3 z i jou 8BM 37 “poquoserdes AlyZnorbyy oq pynoys sueseyo 
pe caagyned Sen sun anna ei i ao TO dod! ‘cthach Weed neliend as ene Peer comma, aa | 5 | eto ad SL, vind puv stzonposd jo swotoyuy JuOMayE oy) IHU, “I 
eyisoddo uo ur Ip 90: ‘uorssajoid | JojowleyT __ ——__—_— | nd oN | SOU m } —+ efy esucdsipur sv postu 
ey? ur eouoututa dey} JO yUNOD08 UO a cuoppepoedin | lane eaaenee | 9UBIOM | FUBIO A paydnoy -Bova1 o10M sofdioutd peyusurepuny uTeyIe0 ‘eeq4QrUTUIOZ 
to worynzy4sUI Iepnoysed Auv Zuryuoseider sv you payoo[o eg "aOsOF OAYVOVAT, | | “sapuys spivpueig Fueousug oy} UOJ 07 puv [96] UF Joofqns 
SIO WISU SalYy} Y}IM Jey}0F04 ‘o0q41UIUIOD oY} po eUTUIOU ili 7 ay} Ajsnowes dn ay8} 0} paeploep Jay SBM Fr UCY AA 
AypeurSuo0 oy suonyysUt eAy oY} JO SeATyezUeSaIdad | ~ a a = .: - : ‘suotgngiysut Zurnsoddns eay oy} 8B UMOUY oUTRDeq ‘yuoUT 
61 JO pesoduios ‘9034;urUIOD ULeUT oY} UT pezseA SI YOM ‘SAVAVTIVY] NVIGNT Od SAALLONOIO'T GUVANVLG 40 SATIAKVX -@AOUL BY} PIIBIFIUL YOM ‘sIesUIBUG PAK) JO uotNgIYSUy 
i" Piel EF SIE OS OO “| “as NG (US SLY AN 16S OST ~~~ ~~ ~~~ -- ~~~ > 
* SE TEE SICT RG TL 1 m2 SR teeter m arte A <i LOS CUT A THE oA > | 
oe me kt AY 2 a Ce ea a ert ee re wens meet PF a a aa YT _@a + ae 02 t 0 a 
A A< ! . ; b 
jeSsrctue sy’ +! peeecpotons <1 Sale| Li Pat aa Mee a 5 MO a BS 
‘i on : 3 T | " on ’ if 
Ne CENAANMEEN (SRE) (71 ¢ | 
mth am H ri) ; p ‘ ~ } | 
= = Ef oO °@ Oly 
— al as - } ; 7. 
Sn ‘ ' rT ! ! 
secuecantn ae pang | ty | i 
‘ H ' i H ' t — i 
| ti | | i i 
i 1; i 1 H 
—= a 4 
‘gyONWD suLaW | 
MBONZL NOVVO-OOO'S HIM BNIONA SCOOD BO SissVUL GBKIW BdAL O B-% CUVONWIS =-'-- = = 4 















































A BONVOS wD ist 
VBONSL NOTIVD-COCE HLIM BNIONS UBONBSSVE BdAL O-8-% GUVYONVIS 
























































as t 2 RE ES RES ee ee ee NAR Ak Ec MERTERE BY SE a 7 "> — en eee Saeco ae 
Se Se _ we ae AIRES | cao 8-9-8 5 OS a ae eee 9 
abe i Renton A ---seres~ Bo Oe > 3 ce : ez we | 
Bal 3 = : - + 7 * é |e er FS . e 
or) 2 eines woe ahead t aataad Te, t nin ie » t sf ee Fe a a4 we Ital i. saesan> saaKe 8 
an nS as Salas mnt a! ¢¢ > 
; ; Ca ES AN — iif } ' : 
: : athe ie Ga Tt | H ' : 
ee J Meer SS | ° ' ; 
o-°°= Ti . t 
: | == rt : i 
a ae, «4 “cee H ; ' 
—_* : ‘ - : : 
Seer eee er aR ey Half. \ry : 
; ' i : ' 
. — pee) oe i i LU 3 











Beonve sid if 
HLIM BMIDNE SCOOS Beai O-8-2 GuVONnvis 


NVIGNI dod 


VBGONZBL NOTIVD-COS’+ 


SAVMTIVA 


i 
| 
| 


SAAILONOOOT 





dO SddAL Gavd 





“2Onve 419 iss 
MNVA BAL #-9-F GuVonvis 


NV.LS 








a testing | isations for stan@araismg eee 


tee should not become 








May 4, 1917.] 


ENGINEERING. 


435 








considerably enhanced. The utmost care is taken at the 
very outset to énsure that all those who have, or could 
possibly have, any’ ititerest in the proposed work of 
standardisation shall, through their leaders or recognised 
technical society or trade association, be adequately 
represented. In this way all parties have ab initio a 
consultative voice in the proposals, and the _eeny 
of overlapping and subsequent friction is avoided. 

Each sectional committee has complete liberty of 
action in the drafting of the specifications and reports 
coming under its jurisdiction, and is expected to ensure 
that all interests have been properly considered before 
a report is submitted to the main committee for ratifica- 
tion. Should, however, any serious question arise when 
the report is before the main committee for approbation, 
it would be referred back for reconsideration before final 
approval. This method may appear somewhat slow, 
but the experience of many years has proved that 
nothing is gained by coming to any hasty decisions in 
questions of chantgntiontion. which are so vital to each 
industry concerned. The National Physical Laborato: 
acts as the committee’s official testing bureau, and, 
generally speaking, is the ultimate scientific authority 
in matters concerning mechanical, metallurgical and 
electrical tests. It acts in an advisory capacity in prac- 
tically all the work in which unbi experimental 
data are essential in order to establish the facts under- 
lying the principles involved. Soon after the first sec- 
tional committee was formed for dealing with rolled 
sections, demands arose in connection with other 
subjects, and three other sectional committees were 
nominated for introducing standards in other important 
manufactures. Thus the project of standardisation 
became launched in 1901-2 by the nomination of four 
sectional committees (1) on bridges and building con- 
struction; (2) on materials for shipbuilding; (3) on 
locomotives and railway rolling-stock ; and (4) on rail- 
way and tramway rails. The whole subject began to 
stand out as one of national importance, and it was 
decided to approach the Government to join in the 
movement by their support and financial assistance. 

The funds necessary for the carrying out of the work 
of the committee were at the outset supplied by the five 
institutions which originally nominated the committee, 
and it was recognised at quite an early stage, not only 
that the support and countenance of H.M. Government 
would be invaluable to the movement, but also that the 
various Government Departments who were large users 
of the materials for which the standards were bein 
drawn up were deeply concerned and should be as 
to help, apart from financial aid, 

(1) By nominating representatives to assist in its 
deliberations, and 

(2) By the adoption of the committee’s standards when 
issued. 

With this object in view the committee appointed a 
deputation to wait upon the Right Hon. A. J. Balfour, 
at that time First Lord of the Treasury. Mr. Balfour, 
who was accompanied by the Right Hon. H. O. Arnold- 
Forster, then Parliamentary Secretary to the Admiralty, 
who took great interest in the movement, received the 
deputation in his private room in the House of Commons 
on May 30, 1902. In according the deputation a most 
favourable reception Mr. Balfour said that the public 
advantages of standardisation were so great that no one 
could have any doubt as to the importance and magni- 
tude of the subject. So far as he could offer an opinion 
he entirely agreed with the views expressed by the 
members of the deputation, and he would be glad to lay 
the matter before his colleagues in the Cabinet. 

Mr. Mansergh, chairman of the committee, the late 
secretary, and myself were subsequently requested to 
wait upon the President of the rd of Trade, Mr. 
Gerald Balfour, in regard to the financial support from 
the Government, and as the result of this interview the 
Treasury expressed their willingness to include a sum 
of 3,0002. in the Estimates for 1903-4 as a contribution 
to the funds of the committee for that year. This 
financial support was subsequently extended over the 
years 1904-5—6 by a grant-in-aid equal to the amount 
contributed by the supporting institutions, manufac- 
turers and others, and was continued on a smaller scale 
down to 1916 on the basis of being one-third of the sub- 
scriptions received from the industry in each year, but 
with an unfortunate maximum of 5001. A further grant 
of 5001., on the same conditions, is being continued for 
the three years ending March, 1919. 

The Indian Government made a grant of 1,000/. 
towards the general expenses of the committee in recogni- 
tion of work done in the interests of that country, and 
especially in regard to the first report on the standard- 
isation of Indian locomotives, which received the approval 
of the Secretary of State for India in December, 1904. 
The Secretary of State for India in Council has since 
requested that the Locomotive Committee may be made 
a permanent body for the purpose of considering ques- 
tions remitted to it from time to time by the Railway 
Board in India, and the Indian Government has under- 
taken to defray the expenses incurred by the committee 
in the preparation of reports on subjects affecting India 
remitted to the committee. In this connection two 
further grants amounting to 800/. have been received 
from the Indian Government. 

The Governments of New South Wales, Queensland, 
South Australia and Victoria have recently become 
subscribers to the committee’s funds. The Institution of 
Civil Engineers acts as trustee of the funds and property 
of the committee. 

To supplement the Government grant and to provide 
sufficient funds to carry on the work of the committee 
adequately, appeals were issued in 1903, 1907 and 1910 
asking for subscriptions towards the funds of the com- 
mittee, and a liberal response was made by the engineer- 
ing industries of the country ; also by railway, shipping 





and other companies, and by some of the local boards 
and tramway authorities. 
The electricity committees of several icipal 


the British Association in York, and again in 1908 in 
lasgow. Dr. Unwin in 1909 gave two very valuable 





authorities and corporations have become subscribers 
in view of the benefit accruing to their undertakings 
from the electrical standardisation being undertaken by 
the committee. 

The total expenditure of the committee since its for- 
mation in 1901 to March 31, 1916, has been approxi- 
mately 51,000/., an average of about 3,400/. per annum 
—not a large sum in view of the work accompli , and 
contrasting somewhat strangely with the very liberal 
ve to the Bureau of Standards in the United 

tes. 

The contributions towards the expenses received since 


the inception of the work in 1901 may be divided as 
follow :— 


From His Majesty’s Treasury ... 10,397/., oran 
average of 
about 694i. 
per annum. 

From the Indian Government ... 1,8001., or an 
average of 
about 120I. 
per annum. 

From the engineering profession 20,000/., or an 

and industry by direct cone average of 
tributions, neglecting the very about 1,334, 
large amount of time and per annum. 
money devoted gratuitously 

by members of the committee 

to the work. 


This gives an average of about 2,150/. per annum as 
the total direct. contributions received, the balance of 
the committee’s expenditure having been made up from 
the sales of its publications, the prices of which have had 
to be kept undesirably high in order to make ends meet. 

The accounts of the committee are audited annually 
by Messrs. Deloitte, Plender, Griffiths and Co., and are 
submitted to the Board of Trade, to the councils of the 
five founding institutions, and to subscribers to the 
committee’s funds. 

It will have been observed that among the four sec- 
tional committees first formed in 1901 was one for arriv- 
ing at standards for locomotives (see page 433). It is 
much to be regretted that, as far as locomotives for service 
in this country are concerned, very little has been effected, 
This has not been due to the Standards Committee, but 
to the want of demand by railway companies and their 
locomotive superintendents. I attribute the fact, which 
is lamentable, to these causes. Every British company 
keeps to its own type on the supposition that each rail- 
way must have engines suitable to itself and to differ- 
ing conditions, but I confidently submit that there is 
nothing in the contention. ‘In India a broader view was 
taken, mainly, I think, because Indian railways are 
more or less under Government control, and was due 
to Lord George Hamilton, then Secretary of State for 
India, who in 1901 instructed the locomotive superin- 
tendents of India to meet in conclave and arrive at a 
certain number of types suitable for that country. The 
movement has been a complete success and has saved 
India a very large sum of money. The varieties of the 
duties of the locomotives in India are very diverse ; 
there are several gauges of Indian railways ; the gradients 
on the different lines and the loads differ quite as much 
as in Great Britain, but all these varying conditions have 
been and are being successfully dealt with on the recom- 
mendations of the Standards Committee, under which 
six broad-gauge and four metre-gauge locomotives have 
been designed and approved, and three more are under 
consideration. In India no one would, I believe, dream 
of going back to the old chaotic want of system. 

On pi 434 a few particulars of Indian locomotives 
have m given, and it will be seen that the Indian 
standard locomotives are not inferior to those of any 
other country in the world, The tractive forces are 
high, and the working loads are very great. It should 
be stated that the standard engines illustrated are for 
saturated steam, and that a revised report will provide 
for superheated steam. It is much to be wished that, 
if a more centralised control of British railways becomes 
a fact, the locomotives in this country will be dealt with 
as has been done in our great dependency. There 
cannot be any doubt that very much money would be 
saved by a simplification of types and interchangeability, 
and that the traffic of the country would not suffer, but 
gain largely in many and various ways. I commend 
this subject to those in power, for following one of their 
fundamental principles, the Standards Committee only 
act in obedience to a demand from outside. 

As in the case of locomotives, so with railway rolling- 
stock ; there is great need of unification of design, and 
this matter is being taken up in India, though I am sorry 
to say little or nothing is being done in this country. Of 
course the bulk.of the component parts of rolling-stock 
are now made to standard sections and ifications, 
but the full standardisation of wagons and carriages is 
very much to be desired, and if it were taken in d, 
the same success which has been achieved with loco- 
motives in India could be attained with rolling-stock 
in general, both in India and Great Britain. Demands 
have recently arisen for the standardisation of cargo 
ships and of agricultural machinery. In neither case 
have these demands assumed as yet an official character, 
but if such takes place, the Standards Committee will 
no doubt be p red to act. It is impossible within 
the limits of a discourse to trace all the details of the 

rogress and developments of the Engineering Standards 
Comantites since 1901 to the present time, but its histo 
from year to year is given in the annual reports on wor 
accomplished of the main committee, and in some 
publis' lectures. For instance, I gave one in 1906 at 


lectures which brought matters up to that date. Mr. 
le Maistre in 1916 gave a very interesting discourse to 
the British Association on the same subject. Thus, 
step by step, the progress of the movement has been 
chronicled, and I may refer my hearers to all these 
publications for more full details than can be given within 
the compass of a lecture. 
The following subjects have been, or are now, under 
consideration :— 
Rolled Sections for Structural Pur, . 
Railway Rails, Fishplates and Fishbolts. 
Tramway Rails, Fishplates and Special Trackwork. 
A oa Flat Bottom and Bridge Rails. 
Falling Weight Testing Machine for Rails. 
Locomotives for Indian Railways. 
Railway nee Material. 
Railway Tyre files. 
Tramway Tyres and Axles. 
Steel Castings and Forgings for Marine Work. 
Steel for Shipbuilding and Marine Boilers. 
Steel for Bridges and General Building Construction. 
Notched Bar Tests. 
Wrought Iron for use in Shipbuilding. 
Wrought Iron for a om | Holling-Stock. 
Corrugated Iron and Steel Sheeting. 
Steel and Iron Boiler Tubes. 
Steel Wire Ropes. 
Screw Threads and Systems of Limit Gauges for same. 
Pipe Threads. 
Pipe Flanges. 
Screw Threads for Automobile Work. 
Union Joints for Screwed Copper Tubes. 
Screwed Copper Tubes and Fittings. 
Screwing of ne Boiler Stays. 
Nuts, Bolt Heads and Spanners. 
Bright and Black Washers. 
and Drawn Bars for use in Automatic Machines. 
Small Screws and Screw Heads. 
Keys and Keyways. 
Rivet Heads. 
Systems of Limit Gauges for Running Fits. 
Portland Cement. 
Salt-Glazed Ware Pipes. 
Concrete Pipes. 
Cast iron Pies pes 
ron Pipes for various pur Ss. 
Road Materials. - 


Automobile Parts. 
Profile of Rope Pulley Grooves. 
Definitions of Yield-Point and Elastic Limit. 
Method of arm | and Testing Coal. 
Standardisation Rules for Electrical Machinery. 
Prime Movers for Electrical Plant. 
Carbon and Metal Filament Glow Lamps. 
Bayonet Socket Lamp Holders and Caps. 
ath Lampholders and Caps. 

Telegeaptt ——. 

elegraph and Telephone Material. 
Electrical Light and Power Cables. 
Hard-Drawn Copper and Bronze Wire. 
Electrical Tramway Motors and Material. 
Resistance of Steel Conductor Rails. 
Tubular Tramway Poles. 
Ammeters, Voltmeters and Wattmeters. 
Power Factor and Frequency Meters. 
Recording Instruments. 
Instrument Transformers. 


pow hanes 

Steel Conduits for Electrical Wiring. 
Electricity Supply Meters. 
Plug -_ Socket Devices for Electric Lighting and Power 

reuits. 

Plug and Socket Devices for Electrically-Propelled Vehicles. 
Tumbler Switches. 
Fuses. 
Cable Sockets and Terminals. 
Cells and Containers for Electric Traction. 
Carbon Brushes. 
Electric Motor Starters and Controllers. 
Electric Heating and Cooking Apparatus. , 
Watertight Fittings for Electric Yocum for Ships’ use. 
Graphical Symbols for Electrical Work, including Wireless. 
Electrical Nomenclature. 

As to the result of standardisation as above described 
it is difficult to form any estimate of the beneficial effects 
which have resulted from engineering standardisation, 
but I am justified in saying that they have been immense 
in facilitating production and in cheapening output, 
while ensuring excellence in scientific composition of 
materials and in accuracy of omnes, I have 
asked some of the leading manufacturers to help me in 
this matter by giving me some estimate of the percentage 
in 1914 of their output which is produced in accordance 
with our standard specifications and standard sections. 
It is, of course, im ible to trace the full effects pro- 
duced in trade of the committee’s recommendations on 
the subjects enumerated in the list set forth above, 
but. I will allude to some of the principal items, and 
we may be conf.dent that what has been the acknowl 
effect in these been and is year by year being 
realised in all. In the matter of rolled sections for con- 
struction and shipbuilding the total annual output in 
a agi a year was about 2,400,000 tons, worth prob- 
ably about 17,500,000. Of this quantity at least 85 per 
cent. was rolled to standard sections and specifications, 
and in some cases the proportion rises to 95 per cent. 
upwards. Of rails for railways and tramways, amounting 
to 991,000 tons annually, of a value of about 6,100,0002., 
approximately 75 per cent. of tramway rails were rolled to 

ritish standard, and in the case of bullhead railway 
rails, which are almost exclusively used in this country, 
although it is more difficult to give a definite figure, it 
is no e ration to say that rails now rolled to standard 
are fewer, approaching a figure of 90 per cent., as 
practically all the railway companies since the war have 
agreed to adopt the standard. It is more difficult to 
arrive at the proportion of electrical products made in 
accordance with the British standards, owing largely to 
the state of the flux of the industry due to the*rapid 
advance of knowledge in this science. It may be noted 
however, that most of the telegraph material employed 
by the British Post Office, the whole of the tramway 
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Burleigh, and that committee also approved of them. 
The result of these investigations has been that the 
Government decided to Yee their assistance in carrying 
them into effect. The Foreign Office and the Board of 
Trade will support the new venture through their 
officials, and the Treasury has given valuable financial 
assistance. 

In alluding to these recommendations I should like 
to say that in recognising that metrical equivalents are 
necessary for countries which have adopted and possess 
them, we do not enter on the thorny subject of a com- 
pulsory general change of British standards. Still less 
| do I wish to broach this vexed subject here, which might 
| transform this staid meeting into one of raging contro- 
| versy. I do not conceive that it is the duty of the 
Standards Committee to take sides in this sharply 
contested matter. The work of standardisation is under 
taken at the request of different industries, and has 
usually to be carried out in the units employed, whether 
here or abroad, in the particular industry concerned. 
In the case of our foreign trade it is no doubt our busi- 




















ness to use the standard measurements of the countries 
{which are our customers, and we are adopting that 
rinciple, quoting also alongside the British measurements. 
| It seems in many quarters to be forgotten that under 
| the laws of the British Empire the British and metrical 
| measurements are equally legalised. 7 
With regard to the formation of local committees in 
foreign centres of trade, I may point out that a nucleus 
| in each case exists in the representative members of the 


Value for Home | supporting institutions resident there, who advise the 








telat rami. ee os. ete al De sacs Total Value 
—_—- | Quantity. (i.e., Invoice 
Value for Home 
| . r | and —. 
| nearest Po. 
| British Isles. | British Colonies. | Other Countries. Total. | for Export). 
| tons to t.| x 
| . per cent. tons. per cent. ns. per cent. 
Steel rails and accessories 219,536 | 30.75 | 426,600 | 59.75 67,824, 9.50 | 713,960 4,217,895 
Steel plates .. ee} 980,267 | 91.10 29,003 | 2.78 |{ [S52 | 4a7y| 1,076,007 7,881,574 
| | *| 0: ; 
Steel sections (including rounds, | 29.119 | 96.85 | 79,380 | 8.82 |{ asore | ac72f| 954625 6,206,920 
Steel joists oie ‘da 163,259 | 66.58 74,009 | 30.18 | 7,929 3.24 | 245,197 1,555,553 
Steel not included in above 482,570 | 90.55 35,162 6.60 15,181 2.85 532,913 3,185,907 
Total .. .. «| 2,674,000 | 75.93 | 645,063 | 18.31 | 202,888 | 5.76 | 3,522,702 23,047,849 
* Destination unknown. * 
1913. 
erie e Laid i ¢ Total Value 
Aw | Quantity. | (i.e., Invoice 
- * ee and f.o.b. 
British Isles. | British Colonies. Other Countries. | Total. foe Export). 
tons. | per cent. tons. per cent. tons. per cent. £ 
Steel rails and accessories 304,306 | 33.10 | 537,060 | 58.42 | 77,908 | 8.48 | 919,260 6,098,998 
Steel plates ..| 1,045,985 | 90.41 | 53,758 | 4.64 |{ Sh0an* | 8-80)! 1,156,056 | 8,880,975 
Steel sections (including rounds, j : 1,907* | 0.20) | } 
caaumen and toad 805,262 | 83.92 | 110,103 | 11.47 43327 o-atf | 959,599 | 6,734,373 
Steel joists ae 188,893 | 67.05 87,830 | 31.17 5,003 1.78 | 281,726 1,912,046 
Steel not included in above 515,987 | 87.54 | 62,420 | 10.59 | 11,012 1.87 | 589,419 3,838,497 
Total .. ..  ..| 2,860,483 | 73.21 | 861,171 | 21.79 | 195,365 5.00 | 3,906,969 | 27,464,889 


* Destination unknown. 


It is pointed out that the tonnage of plates and sections shown as having been delivered in the British Isles was in a large 
measure ultimately used in the construction of ships, bridges, boilers and locomotives exported to the British Colonies and foreign 


countries. 


Productive Capacity.—Since the outbreak of war there have been very large increases in the productive capacity of many 


of the works as compared with the years 1912 and 1913, varying 


poles now used throughout the country, and at least 
90 per cent. of the cables and wires for electric light, 
telegraph and power purposes are made to British 
standard. According to the last census of production 
the cables and wires alone are given at about 4,000,000/. 
per annum, which is a rough indication of the magnitude 
of the sums involved in this branch of the engineering 
industry. 

Time being short, I will only allude to one other 
subject, viz., the experience with Indian locomotives. 
In 1905 the standard specification was issued, and by 
1908 a thousand engines had been built or were under 
construction, and this number has now increased to 
2,300 locomotives, representing roughly 7} millions 
of pound sterling. Ten years of practical experience 
have shown the advantages of the policy, which has been 
pursued in India both from a public point of view and 
from that of the trade. I will quote from a communica- 
tion sent to me in 1908 by one of the largest manu- 
facturers of locomotives in the kingdom, who says :— 

“Standardisation has had a very appreciable effect 
on the cost of production. We find in all cases where 
standardisation has been effectual that, after elimination 
of the initial cost of drawings and patterns, the manu- 
facturing costs have shown a decided reduction; and 
it is a noticeable fact that in cases where standardisation 
has been adopted, and departures therefrom subsequently 
made, the labour cost was found to be cousbllenshiy 
greater, even after deducting the cost of the new draw- 
ings and patterns.” 

The writer continues as follows on the general question 
of standardising parts :-— 

“The advantage gained by standardisation of tests of 
materials in the directions of reducing costs and facilita- 
ting deliveries of these from sub-contractors has also 
been important. Further, with the certainty of an out- 
put for their production, manufacturers are now enabled 
to supply at normal prices and more promptly than 
formerly sections which were previously obtainable 
only with difficulty, and often after considerable delay. 
The value of the work done by your committee is very 
clearly brought to our notice in cases where we have to 
quote or build to foreign specifications, or to specifica- 
tions drawn up by engineers acting independently, and 
we may mention that in such cases where an opportunity 
oceurs we refer to the stendard specifications and 
endeavour to influence their adoption as facilitating 
production and consequently allowing not only earlier 
delivery but a reduced charge. Reviewing the whole 
situation, we have no hesitation in expressing the opinion 
that the work of your committee has been of most valuable 
service to the country and to the purchasers of our pro- 
ductions. Considering the results already evident, it 
is to be expected that the further developments of the 
system, which may naturally be looked for in due course, 
will be of more pronounced benefit.” 

From whatever point of view the subject is considered, 
whether from economy of money in such very large 
annual figures, or from the aspect of the saving in time 
and of the perry that if the purchasers see that they 
are supplied with the standard articles they will get the 
articles they require, and of the best kind it will be 





up to 225 per cent. 


| councils from time to time on professional matters and 


represent them in such questions as examinations and the 
| status and qualifications of new members. It is recognised 
| that, as in this country, the local committees should 
| have on them representatives of trade and of the official 
| classes. The functions of these committees will be to 
| keep accessible all the British standard specifications and 
| reports, and to make them widely known, also to obtain 
| early information regarding all new undertakings, and 
to urge, as far as possible, the ~~ advantages to be 
gained by the adoption of British engineering standards 
| —in fact, to aid and foster our foreign exports in every 
way. All these developments abroad, including the 
reduction in the price of our standard ifications, will 
cost money both in the first place and annually. Our 
committee have accordingly asked for, and have obtained, 
| substantial assistance from the trades concerned, amount- 
ing so far to close on 13,000/,, and His — *s Govern- 
ment have made a grant of 10,0001. towards the expenses 
| of the new departure. The funds at our disposal have 
| thus enabled the translations to be set on foot, and the 


recognised that the work already performed and still in | ©°8t of our publications to be reduced to a flat rate of 1s., 


progress by the Standards Committee assumes a position 
of great national importance. Let me repeat that each 


following in that respect the example of the United 
tates, who sell their specifications generally for a 


of the standard specifications and drawings is subject | 14@Tter of a dollar or less. 


annually to review by the sectional committee entrusted | 


with each particular subject, in order to ensure that 
there is no bar to improvement and progress. 

Having thus endeavoured in the time at my disposa 
to give some idea of the history and work during the past 
16 years of the Standards Committee in this country as 
affecting the home trade and portions of our export 
trade, desire to draw attention to what it will be 
agreed is now an important matter as affecting our 
foreign commerce. This has become of extreme interest 
in view of the great competition which already exists, 
and which after the war may be expected to be even 
more acute. 


I was invited, as chairman of the Standards Committee, | 
to attend last summer a Government Committee on | 
Engineering Industries under the chairmanship of | 
Sir Clarendon Hyde, and to explain what had been done | 


by the Standards Committee’s efforts, and I was asked 


by the Committee several questions on the future of | 
foreign competition, especially in countries of Latin | 


origin and in Russia. The question of metrical measure- 
ments in those countries was prominently mentioned. 
I gave the Committee my views as an individual, but 
said that not having been accredited by my committee 
to go deeply into the subject, I would obtain instructions 
from the Standards Committee, which should be sum- 
moned for consultation. The matter was then carefully 
considered, and I again attended the Government 
Committee and laid before them our views, which were, 
practically speaking, in accordance with what had been 
indicated as my individual opinion. 


The conclusion at which the Standards Committee | 


arrived was that there is urgent need for steps which 
will assist our engineering manufacturers in competing 
successfully in foreign markets. 

We recommend :— 

(a) That the specifications of the British Engineering 
Standards Committee, or at least the more important of 


them, should be at once translated into French, Spanish | 


and Russian, with metrical equivalents for the British 
measurements and formule. 

(6b) That local committees of engineers and traders 
in close touch with the Main Committee in London 
should be formed at about twelve important trading 
centres—for example, in the Argentine, Brazil, Canada, 
Chili, China, India, Peru, Portugal, Russia, South Africa, 
Spain, Uruguay. 

(c) That the price of all our publications, whether in 
English or the other languages, should be largely reduced 
—viz., to about 1s. a copy, or its equivalent in foreign 
moneys. 

(d) That the local committees should have as chair- 
man the British Consul or other representative of the 
Government. 

Sir Clarendon Hyde’s Committee gave their cordial 
es to these proposals, which were afterwards 
referred to the Committee on Commercial and Industrial 
Policy under the chairmanship of Lord Balfour of 


It is not possible within the limits of a lecture to do 
much more than give an outline of the work accom- 
| plished and contemplated, and I trust that I have not 

wearied my audience with this lengthy description of 
| what has been done and what remains to be effected. 
However this may be, I venture to think that the record 
| of the Engineering Standards Committee is one of which 
| Great Britain may be proud, and it is to be hoped that 
the excursus of the committee into foreign markets may 
| be as successful as the achievements at home in forward- 
|ing and supporting an industry which is of such vast 
| importance to the welfare of our beloved country 





A Larce Incor Movurp.—The Bethlehem Steel 
Company, South Bethlehem, Pa., says The Iron Age, 
announces that the largest octagonal corrugated ingot 
| mould ever cast in the United States, and probably in 
the world, was successfully made at South Bethlehem 
on March 30. The dimensions of the mould are 15 ft. 
7 in. in height, having a mean diameter of 91.5 in. At 
the thinnest section, or point of the corrugation, the 
thickness of metal is 15 in., while the heaviest section is 
20.75 in. It was made of standard Bessemer iron, 
melted in three large open-hearth furnaces. The making 
of this large ingot mould was necessitated by the manu- 
facture of steel ingots weighing 300,000 Ib. for the tubes 
| and jackets of 16-in. and 18-in. guns. Before the mould 
can be used large steel bands, 12 in. wide and 8 in. thick, 
must be shrunk around each end. 





TuNGsTEN FILaMENnts.—A peculiar way of preparing 
| tungsten filaments, which are ductile in spite of being 
squirted, was described by Dr. W. Béttyer, before the 
December meeting of the Bunsen Gesellschaft. The 
process is that of the firm of Julius Pintsch, and due to 
Messrs. O. Schaller and Orbig; members of the society 
were able to watch the process in the works after the 
meeting. The metallic powder is mixed with 2 per cent. 
| of thoria and kneaded into a paste with addition of 
|some binding agent; a thread is then squirted. The 
| thread is first preheated and then rapidly heated up to 
| 2,400 deg. or 2,600 deg. C., the object being to make 
|the crystallisation of the metal more rapid than the 
| passage of the wire through the hot zone. The first 
| apparatus used for this delicate operation had the dimen- 
| sions of several metres; the actual apparatus is only « 
| few cm. in height. The resulting wire is said to consist 
| of crystals several metres in length, though only a few 

hundredths of a millimetre in thickness, the cross-section 

|of the wire comes out octagonal rather than circular. 
There are very few joints in a wire, whilst the first 
| tungsten wires, it will be remembered, were really thin 
rods built up of very short sections. A re-crystallisation 
| of the filament after long-continued use of the lamp is 
| said not to occur. Why the thoria favours crystallisation 
|in so remarkable a way is not understood yet. 
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STEEL INGOT DEFECTS.* 
By J. N. Kursy (Sheffield). 


THE paper submitted to this Institute by the author 
in September, 1916, was, as stated, purely introductory. 
Embracing, as the subject does, such a wide and varied 
field, it calls for due consideration of individual works, 
circumstances, and class of material desired. Hard and 
fast lines may be difficult to adhere to strictly, modifica- 
tions being necessitated by the conditions of the par- 
ticular branches of the industry. These modifications 
may not influence the actual principle of any process 
in the main, yet they may be essential to its ultimate 
success. In spite of variations met with due to the 
different conditions there exists a necessity that the 
system Sg which is applicable to all works conditions 
should standardised. A good many of the methods 
of manufacture have probably arisen from one or more 
of the following causes :— 

(a) Lack of interchange between departments of 
opinion and investigations upon failures or defects. 

_- brguaan of interchange of ideas between different 
works. 

(c) Through obviating defects peculiar to the indi- 
vidual works, due to local or other isolated conditions. 

(d) Increase of output without full regard to conditions 
ruling quality. 

Incots or 3 Tons anD UNDER. 


A good percentage of the defects in steel ingots come 
under the following heads :-— 


Pipe, segregation. 
“* Occluded slag.”’ 
Fluxed fireclay (occluded). 


. Te 


Pipe.—A given volume of similar liquid steel will, 
under like conditions, solidify with a definite amount of, 
or volume of, shrinkage. The receptacle into which the 
steel is cast governs the position in the ingot of the pipe 
cavities, and therefore the amount of the ingot which 
it is necessary to discard for the production of sound 
steel (Fig. 1,a and 6). Fluctuations in casting tempera- 
ture, rate and method of teeming, percentages of silicon, 
manganese and aluminium influence the pipe more or 
less according to the type of moulds used. Messrs. 
Brearley, in their admirable paper of September, 1916, 
more than emphasise the important relationship between 
mould t; and pipe, and leave little room or necessity 
to expand upon this particular point. It was a curious 
coincidence that the author had also dealt with the same 
subject, and whilst not upon exactly the same lines, yet 
having a similar object in view. The sketches of ingots 
showing pipe in his introductory paper were based upon 
the establishment of the central run mould by the origin- 
ators of this type. Steel makers, after thorough 
investigation, must accept the mould with the wide end 
up as the one conducive to minimum pipe. The longer 
the ingot in proportion to its cross-sectional area the 
worse the trouble with the old narrow end up type (see 
Fig. 3). Mould type, and method of casting, should be 
made one of the most important points of steel speci- 
fication. 

The use of the old type mould, Fig. 2 A (with which 
should be coupled types A, F, and G in the author’s 
introductory paper), is still part of the standard practice 
in a good many works. It would be interesting to have 
some discussion upon this point, obtaining the views 
of those who adhere to this class of mould. With the 
exception of giving the pitmen and cranemen a fairly 
easy time there does not appear a single point in its 
favour. One of the greatest objections to the “new 
mould ”’ in its earlier days was based upon the fact of its 
causing exceptionally heavy and more exacting pit 
work. Fig. 4, showing an old type ingot forged down, 
explains the old assumption of being able to produce 
“ perfectly solid ’’ ingots. 

After the question of mould type, one has to consider 





Fig 6 CHART II 
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the necessity of using a feeder head and what its t 
shall be. Except with special steels, a refractory fi r 
head has not been widely adopted. That it is necessary 
to produce the maximum of sound steel is beyond dis- 
pute. The type of feeder head does not matter a great 
deal, inasmuch as reducing pipe is concerned, provided 
it is of sufficient capacity adequately to feed the chill 
portion. Quoting from Messrs. Brearley’s paper of 
maber last: “In producing steel at what is called 


. * Paper read before the Iron and Steel Institute, May 3, 
917. 














| the cost of the feeder head, not considering the 


the ‘market’ price these ‘ ee defects are 
made as harmless as possible.” tting aside the ques- 
tion as to whether these defects are in any way detri- 
mental to these particular classes of steel or not, there 
remains the factor of cost of production, which appears 
to be the real basis for not using heads more rally, 
or in other words, the extra cost incurred by t 


Ingot without Feeder Head. | Ingot with Feeder Head. 





use of 


Yields 65 per cent. sound. 90 per cent. sound steel. 
Yields 15 per cent. doubtful. 
Yields 20 per cent. scrap, 10 per cent. scrap. 
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Fie. 1. Both . - narrow end up. (a) Closed top. 
(6) Open top. Showing difference in thickness of the 
top of the ingot. 
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A (Old type).—Bottom-cast, B.—Bottom-cast, open top. 

closed top. Narrow end up. Wide end up. 

Fie. 2. Showing relative thickness of mould at top and 
bottom and comparative “ X X X X” influences upon 
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a feeder head would not be more than covered by the 
saving of steel. Let us see whether this is so or not. 

The cost of production turns upon how much of the 
piped portion of the “unfed”’ ingot is utilised as sale- 
able steel, against the cost of the feeder head and its 
gain in yield. The cost of a feeder head per ton of steel 
varies greatly according to size of ingot and also accord- 
ing to type of head . The 2 eee pe details annexed 
are from actual works costs, and based upon piping steels 
of 0.45 per cent. carbon. 

We have therefore an ineréased yield of 10 per cent. for 


15 per 
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cent. doubtful material used as sound. Apart from the 
Ata 
Ingot Would yield Cost of 
cwt. s. d. 
15 1.5 cwts. more sound steel with head 1 0 
20 2.0 00 9° 9» 18 
30 3.0 00 90 ” 1 4] 
40 4.0 9 * 1 6 
50 5.0 ” 1 8 
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increased yield and more reliable steel, there is the great 
saving in the ultimate manipulation of the ingot in the 
rolling-mills, &c. It would appear therefore that feeder 
heads are economically essential even for what is termed 
the “ordinary ”’ steels. , ‘ 
Occluded Slag. Acid Open-Hearth.—Any oxide of iron 
admixed ‘in steel exerts itself to a great degree upon the 


and upon the aluminium after tapping, forming particles 
of “slag.” Whether these particles remain evenly dis- 
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Fie. 11. Chart V. Casting Chart (bottom-cast steel). Deal- 
ing with “casting temperature.” To show cémparative 
safety ratios to cast ingots without cracks. Zone “ A.*’— 
Where the ladle running at full stream is above the 
capacity of the ingots on the bed, and the rate of filling 
rests entirely with the control of the stopper by the 
teemer. Zone “ B.”"—Where the number of ingots per bed 
is just under the capacity of the ladle, casting at full 
stream. Zone “*C.”—Where the nozzle size and the 
capacity of the bed balance when casting full stream, the 
steel tending to freeze slightly on the surface during 
filling. Above the line ‘ ** cracked ingots prevail. 
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Fig. 13. Showing four-way fiat bottom circular tun-dish 
filling four et moulds at a time. A. Casting Ladle. 
B. Tun-dish. C. Plan of above. 


seminated throughout the mass, or whether they partly 
or wholly collect and rise to the surface in the i 


,isa 
matter verned by circumstances and ove owed 
Hy deal of doubt. As is well known, alloy steels 
an 


special carbon steels will not give maximum physical 
tests if not “free’’ from such ixture. The author 
is referring to steel which was supposed to have been 
“well melted’ and worked throughout and given correct 
finishing conditions. The presence in ordinary carbon 
steels of this finely divided or emulsified solution of slag 
is = as little desired as in the case of special steels, 
although not so liable to influence the ordinary physical 
tests called for in these steels. The author contends 


there are two sources whereby “ oxides’? may be taken | which requires 1.20 per cent. silicon, adding in the form 


and retained in the steel, viz. :— 


1. That formed during melting of the charge and not 


subsequently removed. 
2. Tha 


| of importance is rightly placed upon the fini 
| ditions of the steel,j}and as these 
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Fig. 10. Ingot filled unevenly may cause :—1. Laps. 2. Un- 
even solidification, uneven contraction, cracked ingots 





t introduced by excessive or erratic feeding of ore. 

In the author’s opinion the first essential in acid open- 
-hearth manufacture should be the one of correct and 
silicon and manganese additions just prior to tapping, | consistent conditions at the melted stage. A good deal 
ing con- 
conditions are in 


| of slag, which works out at approximately 43 ewt. The 


| use of slag in the charge red the t of oxidation 
| greatly and gives more reliable bath conditions. 
| The melting of the charge is a strongly oxidising period. 
| and, as previously stated, the question of what becomes 
of the whole of such oxide formed is a highly important 
one. It may be argued chemically that: “‘ Any oxide 
formed must naturally be reduced by carbon, silicon 
| and manganese in the pig-iron, in contact with which the 
| reaction would appear inevitable.”’ 
| Granted that, if the correct excess of these elements 
| were available and the conditions were suitable, the 
| reaction as stated above would probably occur, but an acid 
le in reaching the melted condition does not exhibit 
| much sign of either violent or a milder reaction, nor does 
| it give the impression of freeing itself energetically from 
oxide. It is fair to assume that, the higher the carbon 
|and the greater the residual silicon at melting, the 
less the opportunity for oxide retention, also that charges 
requiring little or no ore to work them must be in a highly 
receptive state for oxide. 
| Itis wellunderstood that the furnace banks and bottom 
| suffer most after heats taking little ore. One can explain 
| why only that part of the banks which is immediate 
| contact with the slag should be cut or fluxed away, 
| but this ate does not apply to the wear of the 
| bottom. it not be, under certain conditions of 
| slag bath | temperature, that the metal holding these 
aforementioned oxides of iron is continually feeding 
upon the furnace hearth and producing particles of 
“slag,’’ and the subsequent working is only partially 
| removing the “‘slag’’ thus formed. 
| Effects of Limestone. Acid Open-Hearth.—The use of 
limestone in the acid open-hearth process is one of the 
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Fie. 12. 


Chart VI. Rolled Ingots. Development of cracks during rolling. a, b, c, showing one face of ingot and 


the form the cracks mostly take. 
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Fie. 14. Tire Steel. Ingots narrow end up. Showing big 
possibility of segregated steel in the tire, and probable 
cause of bad ‘‘ drop” test. 
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sequence to the conditions at melting, and to a great 
| extent governed by the latter, too much stress cannot 
be laid upon early —— of the heat. 
A charge going to boil by virtue of the oxide formed 
during the melting down stage is, to say the least, not 


conducive to yielding a steel anything like free of 
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Fie. 15. Single Tun-dish. A, B = Fireclay-magnetite 
nozzle (Williamson). Tun-dish goes a large number of 
heats, and gives a ‘*clean” stream with minimum splash. 


greatest importance, as also the period at which additions 
should be made. 

Charts I, I, Ill and IV (Figs. 5 to 8, page 437) give some 
idea of the influence of limestone upon the chemical 
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oxides and slag inclusions. No matter what subsequent Condition. | = 

method of deoxidation be resorted to, the author con-| yeited A << 1 2? 0.50 
| tends there is a great danger of a significant residual | Boiling es es ..| 50.0 29.5 0.80 
portion. A furnace —s badly, such as at the end of | 1 hour after .. ri ca 57.2 21.0 6.1 

a@ campaign where a record run may be being sought | 2 hours after .. : = 60.1 17.5 | 9.5 

after, gives just the state of bath referred to. er a aS 

= cold-melted charges are always highly charged wit Chart I. 

oxide. 


In these days of increased output and pressure 
| upon furnace conditions and the —_ of large propor- 
| tions of the rer grades of scrap, the presence of the 
| evil is more likely to crop up than where output is of 
| secondary importance, given other conditions as equal. 
| The working of many and particular brands of iron in 
| one charge has its basis of advantage unconsciously built 


composition of the slag. They are taken from a number 
of heats and are typical of CaO effect. ; 

A highly siliceous slag low in FeO may be obtained 
quickly after boiling. A slag of “finishing condition 
is formed soon after the charge has gone to boil by correct 
addition of limestone. If it is advantageous to work 





| upon silicon content, yielding regular and nearly 
bath conditions at melting. 


The two important factors up to the “melted” stage 


1. Quick melting. 

2. Correct state of slag and bath at melting. 

| The author has found that a 2.00 per cent. silicon 
basis is a good one to work to. By this is meant that the 
whole charge should have an available silicon content 
of 2.00 per cent., taking the silicon in the pig-iron, and 
| making the difference up by adding slag in with the 
| charge ; for example :— 








50-ton Charge. 
| 20 tons pig-iron... 1.90 per cent. silicon, 
30 tons scrap 0.10 a 


” 
=0.80 oo silicon average, 

















| 

Condition. SiOo. FeO Cad. 
Melted oe eee ie 35.0 0.56 
Boiling SA a .. 46.7 | $82.0 | 0.59 
| 1 hour es ~ ..| S82 29.0 | 0.89 
2 hours ee én es 51.0 27.0 | 1.02 
3 mm “> wi 51.5 26.3 1.35 
@ ws ee ee wt 52.0 23.0 1.50 
ab xs — aa 53.0 22.5 1.43 
Chart II. 


with a slag of a highly, siliceous character towards the 
end of the boil, — the earlier s would be bene- 
fited by such similar conditions. e rate of fall in 
carbon is more regular and consistent with good results. 
Although the slag is apparently more mobile, it merely 
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indicates in these circumstances a perfect state of flux 
and correct reaction. The question of the effect of 
limestone is introduced in order to raise the point of its 
action upon occluded “slag’’ in the bath. 

The nature of the acid hearth is one of silica and sili- 
cates of iron mostly. See Fig. 9 (section of bath). The 
slag of the process is also silicates of iron and anese, 
so is the nature of any occluded particles. The hearth 
when new is in a highly receptive state, and absorbs a 
large quantity of the oxides formed during melting. 
After a few heats, however, this absorption ceases. The 
melter usually remarks upon the first few heats regarding 
the “boil.’”? The reaction and appearance do seem a 
little perplexing, and certainly different when the hearth 
has satisfied itself. Under normal conditions therefore 
we have in this process a bottom, and = @ similar 
composition to the occluded matter. ithout the 
addition of CaO the slag runs about 50 per cent. silica, 
but with correct CaO addition it may reach 62 per cent. 
It may be argued that a slag capable of retaining 60 per 
cent. SiOg, and being in a fairly mobile condition, would 
more readily absorb from the bath any suspended 
particles of “slag’’ than one low in SiO2 and compara- 
tively high in FeO. . 

Lappiness in Ingots.—Bottom-cast steel poured at too 
low a temperature or too slow a speed tends to cause 
‘‘lappiness”’ or ‘‘folds”’ in the ingot. Ordinary carbon 
steels of course do not suffer so much from this condition, 
since if the steel is so cool as to “‘lap’”’ badly, the chances 
are much against the ingots filling. Chrome steels and 
high silicon steels (the latter up to 2.50 per cent. silicon) 
are almost always apt to subject themselves to lapping 
in a more or less degree. The appearance of the ingot 
may give some idea as to whether the lapping is going 
to be a serious defect or not, but on the whole it is a 
matter for further investigation. It is thought by some 
steel makers that the lapped portion of the steel becomes 
coated with a film of oxide, which is embedded in the 
ingot by the flow of steel over it ; also, that this forms 
the beginning of a flaw in the rolled bar, taking the form 
of a crack or split after the bar has been subject to 
pickling. The author is of the opinion that any cavity 
or split in a rolled or forged bar has no relationship what- 
ever with lapping in the ingot. This opinion is based 
upon a number of nickel-chrome and chrome ingots, 
carefully watched throughout their making, and on a 
careful comparison of the cost of chipping out flaws (nine 
in each cast separately) in the finished bars. Some of 
the best casts appeared to be the worst as regards laps, 
and, summing up, one could not say that the lapping was 
as serious as would be su . The use of compara- 
tively large nozzles in the ladle, and a small number of 
ingots per bed, lead to what the author terms odic 
teeming, the stream from the ladle running at full force 
being of greater volume than is compatible with correct 
filling of the moulds. The teemer ~ then to use his 
discretion and endeavour to control the stream to fill the 
moulds correctly. What is obtained is an ingot teemed 
at various and in a  - many places ; the stream 
being momentarily cut off, one would expect trouble 
from such teeming, which may wrongly be put down to 
the steel having a habit of lapping (see Fig. 10). 

Fluxed Runner Bricks, &c.—In bottom-cast steel the 
flow of the metal in contact with the fireclay trumpet 
pipe and runner bricks causes an erosion, the product 
of which is carried along into the ingot. The extent to 
which erosion is carried depends mainly upon the com- 
position of the steel and the casting temperature. It is 
more or less common to all bottom-cast steel. Low- 
carbon steel attacks the fireclay material much more 
readily than the higher carbon steels. Axle and low 
carbon forging materials, which have to be machined 
and closely inspected, are much subject to rejections 
owing to the occlusions being rendered visible. Ordinary 
billet material, although suffering from the same evil, 
may escape severe notice ; moreover a sandy billet may 
be thrown out here and there without serious loss or 
raising comment, the yield not being so greatly affected 
as where the defect shows upon a large article. 

The author contends that all bottom-poured steel is 
subject to occluded fluxed runner bricks, and that it is 
present in the ingot in various positions, but principally 
from the skin to a depth of a few inches. The tendency 
for this “‘slag’’ on entering the mould is to rise to the 
surface and towards the sides of the ingot, the flow of 
the steel carrying it to its final position. Seeing that 
the steel in the immediate vicinity of the mould Castes 
to solidify on contact, the fluxed runner brick has little 
opportunity to reach the actual face of the ingot and 
become merely a surface defect. Those whose duty it is 
to examine bars rolled from ingots having these inclusions 
know only too well to what depth the defect may run ; 
unfortunately only a proportion is so near the surface 
as to be observed and chipped out or the material 
scrapped. Apart from material actually fluxed by the 
flow of the steel we get the “jointing” (used in the 
trumpet and runner brick joints) washed off in fairly 
large pieces, often too large to become fused. The 
position taken up by these pieces of “dirt” is similar 
to that of fluxed runner, &c. Extraneous matter such as 
fireclay jointing may be largely eliminated by using a 
suction ejector down each mould and a trumpet pipe 
immediately prior to casting. 

Cracks in Ingots. Acid Open-Hearth.—There are two 
positions in which cracks are chiefly experienced in 
ingots — 

1, Cross-sectional. 

2. Vertical, and principally at the corners of square 
or octagonal ingots. 

Around the subject there rises the point of casting, 
temperature, and teeming speeds. Chart V (Fig. 11, 
casting details) is to illustrate the comparative margin 
of safety in casting ingots free from poe. ms under varyin 
nozzle sizes and capacity per bed. For top-pou 


steel, zone A may be taken for direct-poured ingots, 
against zone C for correctly tun-di ingots. 

The value of pyrometry as a means of controlling 
furnace or casting temperature is unfortunately very 
small to the steel maker, and he has to be guided by his 
experience of the appearance of the furnace, slag, and 
spoon samples. In nine cases out of ten one cannot talk 
of hot casts where a skull is left, yet ingots made from 
such steel will crack in working, and very badly if teemed 
comparatively quickly. 

In a number of the works visited by the author the 
actual teeming times of weight of steel per minute have 
been little studied, and the reason for cracked ingots has 
invariably been attributed to heat. The only exceptions 
to this view have been where speed was thoroughly 
considered. 


Taste I.—Teeming Speeds. Record of a Number of 
Various Size Top-poured Ingots Free from Cracks. 





] 
Weight. Section. Time of Teeming. 
cewt. sq. in. min, 
15 12 2 
25 14 24 
50 20 5+ 
60 6 
in. octagonal | 
80 24 s 
100 9 
tons. 36 18 
12 40 | 25 
20 ! 





Taste Il.—Teeming Speeds. 


40 tons capacity cast, 0.45 per cent. carbon steel. 
Ingots 50 cwt., 20 inches square (50 casts). 


Ingots Cracked at Mill. Bars to Chip due 


Time in Minutes, Cracks. 








2 All badly Nearly all 
| per cent. per cent. 
3 | 50 40 
3¢ | 40 30 
4° } 10 s 
5* | 5 (slightly) 4 
6* | 2 (very slightly) 2 
7 None 2 
* Tun-dished. 


Tasie IIl.—Teeming Speeds (Two Typical Heats). 


30-ton heats, 0.45 per cent. carbon steel. Bottom-cast. 
Ingots 12 inches square. 


Nozzle in Ladle, 1 inch (5-cwt. skull). 











Bed |No. of Ingots ~ Time. | Bars to Chip 
No. | per Bed. | Weight per Bed. | | for Cracks. 
ewt. 

1 6 90 4 None. 

2 6 90 4 ‘ 

3 6 90 | - 

4 6 90 3% | “nl 

5 6 90 4 os 

6 4 60 2 | Afew. 

7 2 30 a as All. 

Nozzle in ladle, } in. (4-cwt. skull). 

1 | 6 90 5 | None 

2 | 6 90 | 4 pa 

3 5 75 ‘ »” 

4 6 90 ‘t se 

5 6 90 4 - 

6 4 60 34 ne 

. 7 2 30 2 A few slightly. 

2 top-poured oo 1 Nearly all. 


Discussion upon hot and mild temperatures in the 
casting of steel would often lead one to suppose that the 
actual difference in degrees of heat was extremely great. 
Granted that it is an easy matter, when once the steel 
is being cast from the ladle, to say what the temperature 
is like, it is a different matter accurately to judge from 
the furnace condition to the fine points necessary. 

The human element shows itself very prominently in 
the open-hearth steel trade, and some compromise has 
to be arrived at which will average all conditions and 
give the simplest way to success. 

The question of size and weight of ingot and weight 
of steel to be cast are all factors for consideration, as 
also the use of and the composition of the steel. 

Appended are two tables of speed of top-poured ingots 
and one of typical casts of bottom-poured ingots, showing 
relative proportions of cracked bars. 





PROPERTIES OF THE REFRACTORY MA- 
TERIALS USED IN THE IRON AND STEEL 
INDUSTRY.* 


By Cosmo Jouns, F.G.S. (Sheffield). 


Introduction.—Writers so rarely state exactly what 
they mean by refractory materials that a definition may 
not be out of place even though its terms may not find 
general acceptance. As the metallurgical processes 
employed in the iron and steel industry involve heat 
exc , and high temperatures are necessary for most 
of the reactions that occur, special materials are required 
for the construction of the portions of the furnaces, ovens 
and vessels employed that are exposed to high tempera- 
tures and are in contact with the solid, liquid and gaseous 
substances taking part in the reactions. These special 
materials are refractory if they are capable of fulfilling 





. Paper read before the Iron and Steel Institute, May 3, 
1917. 
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the structural duties ired while subjected to the high 
temperature a or the process employed and are 
themselves unalte during its progress. The condi- 
tions that prevail when metallurgical processes are bei 
carried out vary so much, and the problems presen 
by the occurrence of slags sometimes basic and sometimes 
acid, of atmospheres now reducing and again oxidising, 
call for so many mutually exclusive properties in the 
refractory material employed, that only an infusible and 
non-volatile substance, with no volume i 
variations of temperature, inert from a chemical - 
point, and with sufficient structural ——_ yet a non- 
conductor of heat, would be considered ideal. No such 
substance is known, and very probably does not exist. 
Hence any refractory materials employed in the metal- 
lurgical art will be the nearest approach available to the 
ideal for the particular process employed. And as metal- 
lurgical processes are in practice conducted on commercial 
lines, the refractory material employed will be that which 
enables a given unit of final product to be produced at 
the lowest cost. Fused silica and platinum are useful 
refractory materials in laboratory experiments, but are 
excluded from consideration in commercial processes for 
obvious reasons. In practice, therefore, the refractory 
material selected is never ideal and always a compromise. 
The purpose of this communication is to discuss the pro- 
perties required in any refractory materials employed, 
to point out their importance * with a view to stimulating 
research, and to invite those familiar with the needs 
of the iron and steel industry to amplify or correct the 
suggestions made. It is hoped that any research under- 
taken can then be applied in the direction most urgently 
needed and where the most immediate beneficial results 
can be obtained. At the samo time any advances in 
our scientific knowledge of the properties of available 
refractory substances, even if not immediately applic- 
able, will be welcome as the foundation of later progress 
in practice. 

Available Materials —With the exception of carbon, 
and its compounds with silicon, which have a limited 
application, the available refractory substances are 
chiefly the oxides SiO2, AlgO3, CaO, MgO, CreOs5, or 
mixtures of these with oxides of iron, K20, Na2O, and 
traces of other substances, regarded as impurities, some 
of which may function hs catalsyts. The materials 
available are therefore strictly limited ; they never occur 
in a state of purity in nature. Their manufacture into 
refractory products involves in many cases sizing, agglo- 
meration or bonding, and final eee to a tem; ture 
that varies according to the purpose for which the pro- 
duct is intended and the functions it has to perform. 
The problems that arise are not solved by a knowledge 
of the properties of the tompounds mentioned; they 
are complicated by the presence of impurities and the 
varying nature of the bonding material employed. The 
final product, as delivered to the user, is always a 
mineral aggregate, often of at complexity. | 
possess no fusion point, but rather a range during whi 
softening, at first incipient, at last, with increasing 
temperature, causes the material to fail to perform its 
functions. The constituents have varying melting 
points, and during heating they invert and new phases 
appear. Some inversions, involving serious volume 
seni should be completed during manufacture, but 
often are not. This is not imputing Sues to the manu- 
facturer, for the temperatures required for such changes 
are rarely known, and even when known as a result of 
experiments under laboratory conditions it does not 
follow that they apply to manufacturing processes. The 
art has been so long in front of the science of the refrac- 
fory industry that the most urgent need at present is for 
an expression, in terms of scientific precision, of the most 
successful practice in manufacturing the refractory 
product and of the physico-chemical changes which take 
place when they are . ° 

Tenacity and Compressive Strength.—Tenacity and com- 
pressive strength at ordinary temperatures are valuable 
only in so far as they permit the refractory products to 
be transported and enable them to withstand the struc- 
tural stresses to which they are e when used. 
This is not difficult to attain. It is when the material is 
exposed to high temperatures that the value of these 
properties becomes most important. The abrasion 
caused by the movement of solid substances while in 
contact with their heated surfaces is important, while 
the erosion caused by the passage of dust-laden gases at 
high velocities becomes serious in time. Little or nothing 
is known of the conditions that favour or retard abrasion 
and erosion. High tenacity, which in most cases would 
mean that of the bonding or of the most fusible con- 
stituent, is most cope Ape desired property. It is 
the surface exposed to highest temperature which 
suffers, for it is the one that is in contact with the 
moving solids, liquids or gases. Compressive strength 
is rarely a cause of failure, for the bulk of the refractory 
material is at a lower temperature than the face, and 
therefore less affected. There is, however, urgent need 
for accurate determination of the two properties under 
discussion at wide ranges of temperature for the more 
important materials under both oxidising and reducing 
conditions. 

Corrosion O .—Not less important than resist- 
ance to high temperature, with concurrent abrasion and 
erosion, is resistance to the corrosion caused by sla 

. The effect of acid slags on basic refractories an 
of basic slags on acid refractories is familiar, while a 
most striking example might be indicated on the marked 
corrosion of the silica bricks in the gas ports and uptakes 








*The Presidential Address of Sir Robert Hadfield 
(Faraday Society): General Discussion on Refractory 
Material, Transactions of the Faraday Society, 1917, 
vol. xii, should be consulted as an important plea for 
research. 
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Scuepute or Rerractory ReQuirEMENTS oF THE Inon AND STEEL InDuUsTRY. (SuBJECT TO REVISION.) 





Raw Material. 


Former Present 
| Source of | Source of 
| Supply. Supply. 


Service. | Description of | 


Product. 


Fireclay Home and | Home 


Coke-ovens | Coke-oven 
abroad 


bricks 


| 
| 


Blast - furnace 
bricks 


Blast - fur- 
naces 


Fireclay 


Carbon bricks..| Carbon .. 





Electric fur- 
naces 


Magnesite bricks} Magnesite | Abroad 


Open-hearth| Silica bricks 


.| Quartzite | Home 
furnaces | 





| 
Casting Nozzles 
ladles | 


.-| Fireclay, 
Magnesite 





.| Foreign clays were found 


.| Erosion by liquid steel | 


Directions in which Additions to our 


Difficulties experienced 
by U Knowledge might be Sought for. 


y Users. 


Description as complete as possible 
of the foreign clays found suitable 
and of the British clays that re- 
semble them. Investigations of 
the cause of failure of coke-oven 
bricks. Influence of texture and 
firing temperatures on their 
durability in service. 


more satisfactory in 
enabling a product to be 
made that gave gastight 
joints and resisted dis- 
integration due to 
volume changes. Attack 
by alkalies found in cer- | 
tain British coals | 





.| Abrasion and disintegra-| Tenacity at high temperatures. 


Causes of disintegration. Influence 
of texture and mineralogical 
character of original clay Des- 
| eription of the available clays. 
| Texture and bond. Influence of 
| these on tenacity and crushing 
strength at high temperatures. 
High cost. Low softening | Texture and bond. Firing tempera- 
point. Variations in| ture. Thermal analyses of mag- 
quality. Spalling if | nesite from various sources. 
rapidly heated Properties of the burnt brick. 
Thermal analyses with quenching 
from high temperatures. Substi- 
tution of dolomite for magnesite 
for brick-making. 


tion | 
| 


-|Variability in quality. Texture, bond, and firing tempera- 


Erosion, disintegration, 


ture. Mineralogical description of 
spalling 


the fired brick. Thermal analyses 
of brick with quenching from high 
temperatures to determine actual 
constitution under working con- 
ditions. 

Cause of erosion. Influence of 
texture and firing temperature of 
resistance to erosion. Influence 
of casting temperatures and 
quality of steel on erosion. Use 


under certain conditions. 
Does not wear. Teem- 
ing speed lessens as 


weight and temperature) 





} 
Abroad ..| Abroad .. 
Home and! Home and’ 
abroad abroad 


Chromite 
Bauxite .. 


Chromite bricks 
Bauxite bricks 


Zirconia and 
Special 


Abroad ..| Abroad 


sia and lime 











of steel in 


ladle di-)| 
minishes | 


of new materials. 


Investigation of mode of occurrence 
of raw material in nature. De- 
scription and determination of 
properties of the pure minerals. 
Methods of concentration and 

Bonding and pre- 





Not largely used 


purification. 
| tion as refractory products. 
| perties of the finished product. 
{ 





in open-hearth furnaces, due to the alternating passage 
of oxidising and reducing gases, with the resulting forma- 
tion of fusible silicates. A factor conducive to rapid 
corrosion in the last case is the absence of large particles 
of silica in the bricks employed and the presence of 
excessive pore spaces. Here, again, little has been pub- 
lished and few observations recorded. The effect of the 
alkalies found in certain coals on the refractories used in 
coke-oven construction is serious, and here too little is 
known as to the real nature of the destructive influences 
at work, 

Volume Changes.—Every element or compound used 
as a refractory undergoes changes in volume during heat- | 
ing and cooling. Apart from the fact that these volume | 
changes may, and do at times, cause disintegration, with 
the consequent lessening of the useful life of the material, 
abnormal expansion causes structural difficulties, while 
contraction may be even more undesirable, permitting 
the passage of gases from one part of the furnace to 
another. In the case of coke-ovens the retention of gas- 
tight partitions is absolutely apes & and this involves 
the use of a refractory material which does not undergo 
appreciable volume changes. This apparent contradic- 
tion of the first statement simply means that a mixture* 
of substances with volume changes of opposite sign are 
employed, viz., clay and silica. But while the contrac- 
tion of the burnt clay is fairly regular with increased 
temperatures, quartz, which is the form of silica found 
associated with it in nature, has an inversion point at 
which it becomes trydimite. In the presence of certain 
compounds this inversion takes place at a temperature 
lower than that at which coking is carried on. In their 
absence the inversion is scented and does not take place 
until a temperature higher than that usual in coking 
practice is attained. 

Heat Conductivity.—It the refractory materials used 
possess a fusion point or softening range higher than the 
maximum temperature to which they are exposed, it 
would in most instances be desirable that they should 
non-conductors of heat, for radiation losses would then 
be at a minimum. More often the prevailing tempera- 
tures approach and sometimes exceed that at which 
fusion or softening occurs. In those cases it is necessary 
to encourage radiation from the surface farthest removed 
from the heated surface, in order to cause a steep tem- 
perature gradient from the heated to the cooler face. In 
special cases cooling devices are necessary to prevent the 
rapid destruction of the material employed. Good con- 
ductivity for heat is most desirable where the material 
is used to form walls which transmit heat from the 
burning fuel to the contained charge which is being 
heated. The melting of steel in crucibles and the coking 
of coal are instances where a refractory material with 
good heat conductivity is required. 

Texture and Porosity.—These physical characteristics 
of refractory materials determine in la measure their 
suitability or otherwise for particular duties. Owing to | 





* Professor Fearnsides has recently discussed this 


the complex nature of most of the materials used in 
practice their properties are not those of the simple 
minerals of which they are composed, but the resultant 
of variations which are sometimes of opposite sign and 
are always varying at different rates. The relative size 
of the grains* employed, the extent of the surface 
exposed by the more resistant constituents to the others 
used as bond or matrix, are most important factors in 
contributing to the ability of the material to perform 
useful service. Another point of some importance is the 
influence of mass in promoting or retarding inversions. 
Some of these inversions take place almost instantl 
once the critical temperature has been reached, but wit 
others marked hysteresis occurs. Porosity must always 
occur when the refractory material is composed of more 
than one constituent, and where their chief volume 
changes are dissimilar or occur at different temperatures. 
Little is known of the effect of porosity on the properties 
of refractory materials. That the pores encourage the 
deposition of extraneous substances in the interior of the 
bricks, and that they render the structure permeable to 
gases, is of course obvious. 

Stresses caused by Temperature Changes.—The stresses 
caused by temperature changes are due to the volume 
changes which take place during heating. If the refrac- 
tory material happens to be a good conductor of heat 
these are not serious, unless one face is rapidly heated 
and the distortion produced exceeds the tenacity of the 
material. The remedy available is to avoid rapid tem- 
perature changes, and whenever possible to raise the 
temperature of the material during the burning stage of 
manufacture well above that at which the inversion to 
which the principal volume change should take place, 
and to hold it at that temperature long enough for the 
inversion to be completed. The spalling of magnesite 
bricks which sometimes occurs has been Bon explained,t 
and it is certain that the excessive expansion of silica 
bricks would be avoided if the manufacturer could 
ensure the completion of the quartz-trydimite inversion 
during burning. ite the considerable advances in 
our knowledge of the inversions of silica§ made recently, 
their bearing on the problems that face the manufacturer 
is pad ae sufficiently clear. 

Need for Further Research.—Advances in the art of 
metallurgy are largely conditioned by the nature of the 
refractory materials available. The manufacture of 
these materials is based almost entirely on empirical rules 
and the experience of the men employed. Such rules 





* For the influence of grain size in the case of the 
silica brick see Cosmo Johns’ ‘‘Silica as a Refractory 
Material,” Faraday Society: General Discussion on 
Refractory Materials, Transactions of the Faraday 
Society, 1917, vol. xii. 

+A most useful discussion of the ‘‘ Deterioration of 
Refractory Materials,” by H. B. Cronshaw, appeared in 
Carnegie Scholarship Memoirs, 1916, vol. vi. 

} Mellor, Enenverrre, 1917, page 317, April 6. 

§ Fenner, American Journal of Science, 1913, vol. 





problem, cf. The Quarry for March and April, 1917. 


xxxviii, page 331 et seq. 


are the result of experiences gained during a cent or 
more by a rude process of trial and error, but where there 
were but very inadequate means of correlation. The 
methods employed to-day represent the survival of the 
fittest by the searching test of commercial success, but 
it by no means follows that they represent the best 
attainable. Further progress, if made at all, can only 
be slow and uncertain, and by consent it is now admitted 
that only by adequate and well-directed scientific re- 
search can such progress be accelerated. The first step 
—and in all probability the one easiest to take—would be 
to prepare specifications for the most important refrac- 
tory products expressed in terms capable of precise 
measurement or description, basing the ification on 
the best current practice. This would only be following 
the excellent example of the gas industry.* But speci- 
fications at their best only serve to stereotype the best 
current practice of their day. These specifications 
should be the starting-point of systematic research, which 
should cover not only the problems that occur during 
manufacture, but the occurrence in nature and character- 
istics of the raw materials.t Their concentration and 
see ey ma proximate and ultimate analysis, minera- 
ogical description and thermal analysist are all points 
on which additions to our present knowledge would be 
of great value. But the refractory materials are so 
complex,§ and the problems involved are so difficult of 
direct attack, that any contributions to our know] 

of the properties of the pure minerals, or of the impure 
aggregates which are used in practice, would be welcomed 
even if their immediate application did not happen to 


be ible. 

the schedule of the requirements of the iron and steel 
industry, so far as the most pressing problems affecting 
the use of refractory materials, which is appended to this 
communication is to be regarded as tentative only. Its 
most useful function will be to provide a basis for dis- 
cussion, in.the course of which it is hoped that correc- 
tions and additions will be made, and thus enable a 
reasoned statement of the requirements of the great 
industry represented by this Institute to be made. 





“Tue Rattway YEAR Boox.”—We have received a 
copy of this year book for 1917, the twentieth year of 
publication. It is published at the office of The Railway 
Magazine, 30, Fetter-lane, Fleet-street, E.C, 4, at the 
price of 2s. 6d. net. It gives a number of data of general 
interest on the British railways, such as historical, statis- 
tical and financial information ; the various railways are 
then reviewed separately, a a. of the system bein 
given in most,cases, the detaile articulars for pone 4 
railway containing an historical sketch, the principal 
towns served, the largest stations, steepest gradients, per- 
manent way construction, dimensions of rolling-stock, &c, 


** ELECTRICAL TRADES DIRECTORY AND HANDBOOK.” 
—The “Electrical Trades Directory and Handbook”’ 
for 1917, the thirty-fifth annual edition, edited. and 
published by The Llectrician, Salisbury-court, Fleet- 
street, E.C., at the net price of 15s., has now appeared. 
Among its contents are the following :—A digest of the 
law of electric lighting, electric power, electric traction, 
telegraphs and telephones; and a digest of the law re- 
lating to patents, trade marks and designs, a list of the 
patents expiring in 1917, &c.; the various rules for the 
installation of electric light, power and traction in this 
country ; the Home Office regulations for the generation, 
transformation, distribution and use of electrical energy 
in factories and workshops, and the regulations affecting 
the application of electricity to mines and collieries in 
Great Britain, the British Colonies, and all the principal 
mining centres of the world. Full financial details are 
also given relating to electrical companies, with 
pstiocioas of the capital authorised and issued, the last 
dividends paid, lists of the principal officials, &c.; also 
the electrical and allied companies wound up. The book 
further contains numerous electro-technical tables and 
data relating to electricity supply and traction, tele- 

phy and telephony, electro-chemistry, &c. The 

irectory division gives the name and address of 
practically every person = in the electrical pro- 
fession and industry throughout the United Kingdom, 
with their telephone numbers and telegraphic addresses. 
The classified trades section contains particulars of the 
various firms and companies engaged in the different 
branches of the industry. Sections are devoted to the 
British Colonies, to the continent of Europe, to Asia and 
Africa, Central and South America, and the United 
States. In the biographical division interesting sketches 
of the careers of the leaders of electrical engineering 
enterprise at home and abroad are set out. 





* “Standard Specifications for Refractory Materials,” 
SS by a joint committee of the Institution of Gas 

ngineers and the Society of British Gas Industries in 
1912. 

+ The Geological Survey, under the direction of Dr. A. 
Strahan, FRS. have in preparation for early publica- 
tion a memoir on the mineral resources of this country, 
dealing specially with refractory materials. 

t Thermal analysis by the Frankenheim (heating and 
cooling curves) method appears to be of limited applica- 
tion in the study of silicates. Much success has been 
obtained by quenching from high temperatures after 
equilibrium has been attained, with subsequent micro- 
scopic examination. 

§ The pioneer work of which the results have been 

blished in this country is that under the direction of 
Br. Mellor at the Pottery Laboratory, Stoke-on-Trent. 
The scientific study of refractory materials is now, how- 
ever, being initiated or contemplated in several British 
universities and institutions. 











